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ABSTRACT 
Anthropogenic nutrient enrichment and coastal eutrophication are a 
primary threat to the biological integrity of coral reef ecosystems. 
Macroalgal blooms are one symptom of eutrophication and provide useful 
'bioindicators' of the nutrient dynamics associated with the eutrophication 
process. This study used marine macroalgae to monitor physiological 
processes associated with eutrophication by comparing the degree of 
phosphorus (P) limitation in reef and nearshore environments of the highly 
developed Florida Keys with the relatively pristine Bahamas by measuring 
enzymatic alkaline phosphatase activity (APA), tissue composition, and 
water column nutrient concentrations [total nitrogen (TN) and total 
phosphorus (TP)]. Experimental nutrient enrichment studies were also 
performed to help interpret the field data from the Florida Keys and the 
Bahamas. Despite their large spatial scale and habitat heterogeneity 
between the Florida Keys and the Bahamas, and the inherent biological 
variability among the numerous taxa assayed, highly significant and distinct 
differences in macroalgae between the two study areas were evident. The 
analysis showed macroalgal APA was 2.5-fold higher in reef environments 
and 1.5-fold higher in nearshore environments in the Florida Keys than the 
Bahamas, indicating higher P-limitation in the Florida Keys. This was 
related to the significantly higher water column TN concentrations within 
the Florida Keys. Additionally, a significant and positively correlated 
relationship was detected between macro algal APA and tissue N:P ratios, 
indicating that elevated water column N causes the N:P ratio of macro algae 
to increase, leading to the observed increase in P-limitation. These 
findings showed that marine macroalgae are a useful means to monitor and 
gauge the degree and type of nutrient limitation and that N inputs as well as 
P inputs need to be considered for the protection of water quality in 
carbonate-rich, coral reef regions. 
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Worldwide, marine macroalgae are becoming increasingly prevalent 
ill coral reef environments influenced by local human activities and 
associated nutrient inputs. The relative dominance of corals and algae is 
controlled by complex biological interactions between competition and 
grazing, the outcomes of which are influenced by abiotic factors including 
nutrient availability (Littler and Littler 1984). In order for reefs to be 
dominated by corals and to maintain high reef coral productivity and 
biodiversity, low concentrations of water column dissolved inorganic 
nitrogen (N) and phosphorus (P) are required (Lapointe et al. 1994). The 
typically low dissolved nutrient concentrations on coral reefs results in 
nutrient limited productivity of reef macroalgae (Kinsey and Davies 1979; 
Lapointe et al. 1987). Accordingly, increases in water column nutrient 
concentrations via coastal eutrophication leads to nutrient-enhanced 
productivity of macroalgae and overgrowth of reef environments with 
excessive algal biomass (Lapointe and O'Connell 1989). 
A. Environmental Control of Macroalgal Productivity 
Abiotic factors such as light and temperature are important 
environmental factors that interact with nutrient availability to regulate the 
productivity and growth of macroalgae (Lapointe et al. 1984). Light 
limitation of macroalgal productivity is quantified by the photosynthesis-
irradiance (P vs. I) curve that was originally developed for higher plants. In 
1883, Reinke (Rabinowitch 1951) discovered that when photosynthetic rates 
were plotted against incident light, there was an initial linear increase at low 
irradiance levels whereby increased irradiance resulted in icreased 
photosynthetic rate. This initial slope of the P vs. I curve at low irradiance is 
alpha (ex), which represents the photosynthetic efficiency of the plant. At a 
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higher irradiance level defined as the saturation irradiance (Is), the 
maximum photosynthetic rate (Pmax) occurs; further increases in irradiance 
do not increase the photosynthetic rate above that of Is.' Ewart (1898) 
showed that increasing irradiance beyond Is could decrease the 
photosynthetic rate, a phenomenon which was termed photo inhibition 
(Figure O. 
Much variability has been documented in the shape of the P vs. I 
curves among both land plants and marine macroalgae. In general, all plants 
can be categorized as "sun acclimated" or "shade acclimated." 
Physiologically, the sun acclimated forms have less pigment per cell, lower 
ex values, and higher values of Is and Pmax. Shade acclimated forms have 
more pigment per cell, higher ex values, and relatively low Is and Pmax 
values, therefore saturating at lower irradiances with a corresponding steeper 
initial slope in the P vs. I curve (Figure O. 
~_Pm:..::ax 
Sun adapted ~ 
r-+-,--------------..~-Ph . . .. otOlnhlbltlOn 
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Figure 1. General P vs I Curve for "sun" and "shade" plants. 
Temperatures within the ambient water column also play an important 
role in influencing the shape of the P vs. I curve by regulating enzymatic 
activities that control the dark reactions of photosynthesis. Accordingly, 
temperature does not greatly influence the initial slope (ex) which is 
2 
p 
controlled strictly by photochemical phenomena in the light reactions, but it 
does control the upper asymptotic portion of the P vs. I curve that is 
regulated by the dark reactions. In general, as temperatures increase by lO 
°c within the physiological temperature range of an alga, there is 
approximately a doubling in the rate of enzyme-controlled reactions, such as 
Pmax; this temperature regulation of enzyme activity (Q 10 = 2.0) is a typical 
response for many enzymes (Lehninger 1970), and is illustrated for the P vs. 
I curve in Figure 2. 
,----------- 25°C 
Irradiance 
Figure 2. General P vs I curve with a typical QtO response of enzymatic activity to a 
temperature increase of 100e. 
Finally, and most iITlPortantly for macroalgal productivity, is nutrient 
availability. Nutrients are available in organic and inorganic forms and are 
continually recycled through biological pathways. For the most part, 
bacteria breakdown organic energy chains and release them as inorganic 
ions. Plants uptake the inorganic nutrients in the form of dissolved inorganic 
nitrogen (DIN, NH4+, N03-) and dissolved inorganic phoshorus (DIP; 
soluble reactive phosphorus (SRP), P043-) as well as vitamins and other 
trace elements which are required to synthesize amino acids and proteins for 
growth and reproduction. Following Leibig's Law of the Minimum 
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(Levinton 1982), macroalgae will continue to grow until the supply of some 
resource no longer satisfies the population's demand. For marine 
macroalgae, nutrient availability interacts directly with light availability in 
regulating the upper limit of Pmax. For example, Lapointe and O'Connell 
(1989) showed that nutrient enrichment increased Is and Pmax of 
Cladophora prolifera. This finding demonstrated that nutrient availability is 
the primary environmental factor regulating macroalgal productivity and 
growth in high light environments such as those found in tropical coral reefs. 
The maximal value of Pmax as increased by nutrient enrichment is termed 
photosynthetic capacity (Pcap), which is a biological constant and achieved 
only under optimal conditions of irradiance, temperature, pH, and most 
importantly, balanced nutrient availability (Lapointe and Duke 1984). 
However, when nutrient availability to a macroalga is insufficient to support 
Pcap , then the productivity of the alga is nutrient limited and Pmax is 
reduced below that of Pcap (Figure 3). Similarly, Atkinson (1987) defined 
nutrient limitation as an increase in the rate of a metabolic response with an 




Is Is Irradiance 
> Variability due to nutrient availability 
Figure 3. Enhanced photosynthetic capacity with balanced nutrient availability. 
4 
B. Nitrogen versus Phosphorus Limitation 
In order to determine which nutrient, N or P, is most limiting to 
macroalgal growth, several approaches have been developed. One direct 
method is to analyze the water column for total N (TN) and total P (TP) 
concentrations or fractions thereof, such as DIN, dissolved organic nitrogen 
(DON), SRP, and dissolved organic phosphorus (DOP) as well as particulate 
Nand P fractions to assess what is environmentally available. Another 
common practice is to compare the metabolic responses of control versus 
experimentally enriched macroalgae. However, the most commonly used 
method to evaluate the nutrient status of an alga is the analysis of its tissue 
composition. Redfield et al. (1963) established the method when they 
analyzed planktonic organisms to quantify the extent of nutrient limitation in 
phytoplankton populations by measunng their tissue 
carbon:nitrogen:phosphorus (C:N:P) composition. Results of his studies 
showed that a median ratio for C:N:P was 106:16: 1; this relationship has 
become the basis for determining whether N or P limits growth and 
productivity in marine plankton. Further experiments performed in coastal 
waters on phytoplankton by Ryther and Dunstan (1971) set the precedent 
that mean ratios of N:P <15: 1 indicate N-limitation whereas ratios >30: 1 
indicate P-limitation. In a survey of benthic marine macro algae from a wide 
variety of locations, Atkinson and Smith (1983) reported a mean C:N:P ratio 
of 700: 35: 1. Their results therefore suggest that marine macrophytes have a 
higher N:P ratio than phytoplankton and therefore tend to be in a state 
tending more towards P-limitation rather than N-limitation. 
Recent evidence suggests that geological and geographical differences 
are important for determining the degree and type of nutrient limitation for 
marine macroalgae. Investigations by Lapointe et al. (1992) have shown 
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that nutrient limitation in carbonate-rich waters like those of the Florida 
Keys and the Bahamas are controlled by phosphorus consuming 
biogeochemical processes which reduce P availability to macroalgae. The 
explanation for this biogeochemical process is that as cold, CaC03 
undersaturated, deep water upwells in tropical environments, it warms and 
becomes supersaturated with CaC03. The carbonate precipitates to form 
oolitic sands which bind tightly to phosphate (DeKanel and Morse 1978), 
but interact little with inorganic N. Therefore, carbonate rich sediments act 
as a sink for phosphorus, decreasing the availability of this nutrient to 
benthic marine plants, resulting in P-limited productivity of macroalgae. 
Littler and Littler (1984) also noted that tropical environments are typically 
P-limited due to the shallow benthic communities which host many nitrogen 
fixing bacteria and thus increase the availability of inorganic N. 
C. Circumventing Phosphorus Limitation via Alkaline Phosphatase 
Atkinson (1987) demonstrated that measuring alkaline phosphatase 
activity (APA) provides direct determination of phosphorus cycling and 
phosphorus availability to populations of macroalgae on coral reefs. The 
method was initially developed by Kuenzler and Perras (1965) and has since 
been modified for marine macroalgae by Lapointe (1989). Kuenzler and 
Perras (1965) demonstrated that marine algae can circumvent heterotrophic 
regeneration of SRP (that is, the algae do not have to wait for the microbial 
loop regeneration of DIP) by inducing the production of extracellular 
phosphomonoesterases that hydrolyze monoesters of phosphoric acid 
(Equation 1). These enzymes are classified as either acid or alkaline 
phosphatases depending on the pH of the media (Kuenzler and Perras 1965). 
Seawater usually has a pH of 8 or higher and marine macroalgae 




phosphate esters. Once the phosphoric acid is hydrolyzed, the algal cell 
absorbs the phosphate ion, but leaves the organic residual in the medium 
(Kuenzler and Perras 1965). By producing the enzyme, the plant can 
therefore continue to grow even if SRP concentrations are low in their 
environment. It has been demonstrated that alkaline phosphatase production 
only occurs when algae are growing in P-limited seawater, and conversely 
that alkaline phosphatase production is repressed by algae in phosphorus-
sufficient seawater (Kuenzler and Perras 1965). 
Equation 1. 
D. Natural versus Anthropogenic Nutrient Inputs: Eutrophication 
Dissolved inorganic nutrient concentrations in the water column of 
coral reefs are typically low to undetectable in the absence of external inputs 
by man, seabirds or small-scale excretions of fish (Lapointe et al. 1994). 
Small supplies of nutrients derived from natural land run-off (the weathering 
and eroding of rocks, organic matter), deep upwelled seawater, and recycled 
organic matter within the reef support the oligotrophic ecosystem demands. 
However, recent increases in anthropogenic activities in coastal areas are 
increasing nutrient loads to coastal waters from domestic, agricultural, and 
industrial wastewaters. Excessive inputs of nutrients to coral reefs can 
dramatically effect the ecosystem balance. The ecological process of 
nutrient enrichment is known as eutrophication and can occur naturally as 
with guano inputs from bird rookeries (Lapointe et al. 1987), or can occur 
culturally as with sewage inputs resulting from human development 
(Kaneohe Bay, Smith et al. 1981; Barbados, Tomascik and Sander 1985; 
Australia, Bell 1992; Florida Keys, Lapointe and Clark 1992). 
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Eutrophication is considered the single most important cause of coral reef 
decline worldwide, due to interactive stresses related to phytoplankton 
blooms, sedimentation, epiphytic algal growth, coral disease, coral 
bleaching, and light limitation (Bell 1992). 
Increased nutrient loading to coral reefs has both direct and indirect 
effects on the dynamics of the coral reefs. Birkeland (1988) documented the 
first- and second-order effects of nutrient loading on coral reef communities. 
Directly, the addition of Nand P fuels primary productivity of nuisance algal 
species (Paerl 1988) that can overgrow reef corals and tropical seagrasses 
(Lapointe and O'Connell 1989; Lapointe et al. 1994). High SRP levels have 
also been documented by Kinsey and Davies (1979) to inhibit the ability of 
coral polyps to deposit calcium carbonate crystals. 
Indirectly, the addition of nutrients increases phytoplankton biomass 
which in tum decreases the penetration of light in the water column and can 
reduce the photosynthesis:respiration ratio of zooxanthellae (anthozoan 
symbiont) and benthic marine macroalgae. An increase in phytoplankton 
biomass also has higher food web effects, such as increasing food 
availability and therefore, the abundance of invertebrate planktotrophic 
larvae such as the pestilent Crown of Thoms Starfish (Acanthaster planci) 
that have decimated entire coral reef tracts of Indonesia and Australia 
(Birkeland 1982). Increased primary productivity also increases the 
abundance of benthic invertebrate filter feeders, including bryozoans, 
barnacles, sponges, and tunicates, which decrease the diversity and 
abundance of hermatypic corals (Pastorok and Bilyard 1985). Increased 
biomass of boring sponges and other organisms also lead to dissolution and 
bioerosion of coral reef frameworks (Hallock 1988). 
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Accordingly, the long-term effects of eutrophication leads to shifts in 
the structure or "stable-state" of coral communities. Littler and Littler 
(1984) hypothesized three successional scenarios: 1) with increased 
nutrients, coralline algae will overtake corals, 2) with decreased herbivory, 
micro-filamentous algae will overtake corals and 3) when there is an 
increase in nutrients and decrease in herbivory, foliose marine macroalgae 
will dominate corals. Therefore, the overall effect of nutrient loading in 
coral reef communities is to change coral reefs into algal reefs (Lapointe 
1989). 
E. Anthropogenic Nutrients Sources in the Florida Keys and the 
Bahamas 
1. The Florida Keys 
Located on the southern tip of Florida, the Florida Keys harbor the 
third largest and only living bank reef system in North America. Before the 
1900's the Florida Keys were only accessible by boat, but in 1921 Henry 
Flagler's railroad delivered the Keys from isolation when it linked Miami to 
Key West. Since that time, the railroad has been converted to a two lane 
highway and the Keys have undergone residential and tourist development 
with associated energy inputs, nutrient loads, and environmental 
degradation. There are currently 80,000 full-time residents in the Keys, but 
some 3 million visitors vacation in the Keys seasonally each year (personal 
communication, Reef Relief). The biggest problem associated with the large 
popUlation in the Florida Keys is domestic sewage. According to the 
Department of Environmental Regulation, Monroe County has 10,000 illegal 
cesspits, 25,000 septic tanks, 3,200 live-aboard boats, 1,100 injection wells, 
and 300 primary sewage treatment plants that discharge directly into surface 
waters (Laycock 1991; Lapointe et al. 1990). Thus anthropogenic ally 
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generated nutrients have become the major near field source of Nand P for 
the Florida Keys coral reef ecosystem. 
Other sources of nutrients coming to the Florida Keys from afar 
include agricultural and phosphate mining industry activities of south 
Florida. Nutrient ladden runoff is transported in the canal and riverine 
systems through the Everglades, into Florida Bay and the Gulf of Mexico. 
After which it is carried over the Florida Key reefs via the loop currents and 
inter island channels and waterways (Lapointe et al. 1993). 
2. The Bahamas 
The islands in The Commonwealth of the Bahamas are easily 
accessible from Florida, but are relatively pristine as they occupy a much 
larger area and are continuously supplied with oligotrophic oceanic waters, 
and are far removed from continental nutrient runoff. Like the Florida Keys, 
waters of the Bahamas are carbonate rich, contain coral reefs, and have 
similar mangrove and seagrass ecosystems with virtually all of the same 
species. The human population in the Bahamas is approximately 240,000 
(1982 census) with the majority living in the Grand Bahama and Nassau 
Islands. Data are not available for the local anthropogenic enrichment 
sources from on-site sewage disposal systems (OSDS), but the local 
agricultural efforts are relatively small. Most agricultural efforts are in 
subsistence crops (tomatoes, carrots, cassava, onions, cabbages, and banana) 
and sugar cane farming located on the Islands of Abaco, Andrews, and 
Grand Bahama. 
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II. STATEMENT OF PURPOSE AND HYPOTHESIS TO BE TESTED 
The purpose of this thesis was to compare the degree of P-limitation 
in macroalgae in reef and nearshore environments of the Florida Keys and 
the Bahamas using tissue C:N:P analysis, APA bioassays, and determination 
of water column TN and TP. Ancillary APA bioassays were evaluated in 
the Florida Keys to determine whether a diel pattern in AP A production 
exists, and to quantify AP A production when macroalgae are cultured in 
known ratios of N:P seawater concentrations. Specific hypotheses tested 
were as follows: 
H 1. Anthropogenically generated N buildup in nearshore 
waters of the Florida Keys (Lapointe and Clark 1992) induces P limitation 
of macroalgae over large (i.e. kilometer) spatial scales. As a corollary, algae 
sampled along an offshore eutrophication gradient would show decreasing 
APA with increasing distance from shore because of high water column N:P 
ratios in N-rich nearshore waters that receive direct inputs of N-rich septic 
tank leachate. 
H 2. Due to lower anthropogenic N inputs to nearshore waters 
of the Bahamas, macroalgal stocks should be less P-limited (have lower 
APA values) than macroalgae from the Florida Keys. However, a 
significant offshore gradient in P-limitation should exist. 
H 3. In the ancillary study, it was hypothesized: a) that algae 
grown in N enriched media would increase AP A production, b) that P 
enrichment would decrease AP A production, c) that Nand P enrichment 
would yield intermediate APA production values, and d) that a diel cycle 
for AP A would not exist. 
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m. METHODS 
A. Site Selection 
1. Florida Keys 
Lapointe and Matzie (1995) deployed four Hydrolab Data Sonde III 
water quality monitoring instruments along a transect from Pine Channel to 
Looe Key, near Big Pine Key in the lower Florida Keys. The instruments 
recorded pH, dissolved oxygen, redox, temperature, depth, and 
salinity/conductivity every 30 minutes for a period of 5 months (April 1992 
to August 1992). During June and July, Mr. William Matzie and myself 
sampled the water column weekly at eight sites for light attenuation with 
depth, turbidity, chlorophyll a, and nutrient concentration (total nitrogen and 
phosphorous, soluble reactive phosphorous, ammonia, nitrate, and nitrite) of 
both surface and bottom water. The antecedent data provided a backdrop 
against which other events and parameters could be highlighted. 
In the present study, I collected marine macroalgae near or adjacent to 
the deployed Hydrolabs at two reef and two nearshore environments. The 
reef sites included a bank reef (Looe Key National Marine Sanctuary; LK; 
Figure 4) and a patch reef (Munson Island Patch Reef; PR; Figure 4) and the 
nearshore environments included a shallow seagrass (Thalassia testudinum ) 
meadow in an open channel (Pine Channel; PC; Figure 4) and a dead-end 
canal system with 366 adjacent residential units and septic tanks (Port Pine 
Heights Canal; PP; Figure 4). 
2. The Bahamas 
Remote and fairly pristine environments within the Bahamas were 
chosen for macroalgal APA survey. The cruise tract began and ended in 
Grand Bahama, but extended as far south as Hogsty Reef. Sites were 
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Figure 4. Map of the Florida Keys indicating the reef sampling locations; Looe Key (LK),Rubble Zone (RZ), Munson Island Patch Reef (PR), 
and the nearshore sampling locations; Pine Channel (PC), and Port Pine Heights Canal (PP). 
made at five reef and five nearshore environments (Figure 5). Four of the 
reef habitats were shallow patch reefs, including one adjacent to the wreck 
of the Liberty Ship (Hogsty Reef; Figure 5) and another adjacent to a patch 
reef enriched by seabird guano (White Cay, San Salvador; Figure 5). The 
fifth reef site was a deep water reef sampled at 22 meters depth (The Wall, 
San Salvador; Figure 5). The shallow nearshore habitats included mangrove 
and seagrass communities in embayments, creeks, and open channels. 
B. Field Sampling of Ambient Seawater and Macroalgae 
Collections in the Florida Keys were facilitated by the use of the 
Harbor Branch Oceanographic Institution Inc. (HBOI) RIV Sargassum 
Hunter on July 3, 1992 and July 28, 1992. Exact site locations along the 
transect within the Florida Keys were established using a Sony Pixxus 
Global Positioning System (GPS). Sampling in the Bahamas was from the 
HBOI RIV Sea Diver between August 10, 1992 to August 28, 1992. 
Bahamian site locations were recorded using the ship board GPS and 
LORAN instruments. 
1. Water Sampling 
All glassware, plasticware, and various containers for collecting and 
transporting water samples were acid washed with a dilute hydrochloric acid 
solution (10% HCl) and triple rinsed with DIW. The clean sample 
containers were then triple rinsed with ambient seawater at each site prior to 
collection. At each macroalgal collection site, replicate surface (0.5m depth) 
and bottom water (just above sediment-water interface) samples were 
collected in 60 ml high density polyethylene Nalgene plastic bottles to be 
analyzed for turbidity, salinity, TN and TP. These seawater samples were 
transported on ice in a dark cooler back to the laboratory and then stored 
frozen until analysis by Chesapeake Biological Laboratories. Two 5 gallon 
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Figure 5. Map of the Bahamas indicating the sampling sites in bold type. 
carboys of seawater were also collected at each site. One was used for the 
overnight incubation media of the macroalgae; whereas, the other carboy 
was filtered through a clean 1 micron (j.Lm) mesh filter and used for the AP A 
assay solution. 
2. Macroalgal Sampling and AP A Assays 
Macroalgal sampling occurred at depths of 1 to 4 meters with the 
exception of one site at 22 meters (The Wall, San Salvador). Reef 
environments were sampled on the slack high tide; whereas, nearshore sites 
were sampled on the ebbing tide, working against the current to minimize 
disruption or nutrient inputs possibly caused by the investigation activities. 
From all sites, the dominant and least epiphytized macro algal species 
were hand collected and placed into nylon mesh collection bags while using 
either snorkel or SCUBA equipment (The Wall, San Salvador). Working in 
the Sargassum Hunter or other small inflatable boats in the Bahamas, the 
macroalgae were cleaned on-site (by delicately picking off epiphytes, 
epizoa, and sediments) and placed into a white plastic high density 
polyethylene 5 gallon bucket with a lid that had been cleaned and filled with 
ambient filtered sea water. 
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Genera collected in the Florida Keys on July 3, 1992 included 
Chaetomorpha, Laurencia, Euchuma, Cauierpa, Dictyota, Ceramium. 
Wrightiella, Anadyomene, and Amphiroa. Genera collected July 28. 1992 
included Laurencia, Dictyota, and Chaetomorpha (Table 1). 
15 
Table 1. 
Florida Keys AP A Survey Sampling Sites and Collections. 
The First Four Genera Listed in Each Site Was Collected on July 3, 1992 
and the Remaining Two were Collected July 28, 1992 
N Latitude W Longitude SiI~ [ tQcatiQn Cla,ssificatiQn Si1~ D~s~ription CQlle,liQn~ 

























Genera assayed in the Bahamas included Sargassum, Laurencia, 
Dictyota, Turbinaria, Lobophora, Chladophoropsis, Microdictyon, Codium, 
Stypopodium, Siphonocladus, Spyridia, Trichogioeopsis, Dictyosphaeria, 














Bahama Sampling Sites and Collections 
through the dates August 10, 1992 to August 28, 1992 
W LQngilude Sit~ Location CliilssificatiQn Site DescriptiQn CQllections 








75'33.33' Cat Island Nearshore Mangrove Creek L. papillosa (light) 
L. papillosa (dark) 
L. intricata (light) 
L. intricata (dark) 
74'32.10' San Salvador Reef 70- 100 ft Wall Microdictyon marinum 
Lobophora variegata 
Sargassum hystrix 





74'32.10' San Salvador Reef Enriched Codium tayton 
Patch Reef Sargassum polyceratium 
Dictyota bartayresii 
Lobophora variegata 








73'50.64' Hogsty Reef Reef Disturbed Trichogloeopsis pedicellata 
Patch Reef Stypopodium zonale 
Dictyota divaricata 
Dictyota man tens 






At the HBOI Florida Keys Field Station on Big Pine Key or aboard 
the Sea Diver in the Bahamas, algae were sorted according to site and/or 
species and excised to approximately l.Og wet weight (= - 0.1 g dry wt). 
Eight plants of each species, were divided into two of the four clean zip lock 
plastic storage bags that had been filled to 3 L with ambient filtered seawater 
(Figure 6). Two of the plastic bags were used as controls and the other two 
were enriched with 2 j..lM of SRP (from ACS reagent grade NaH2P04H20· , 
P-spiked; Figure 6). All bags were placed in a clean bucket, covered and 













Figure 6. Diagram demonstrating eight replicates of each species (A,B,C, and D) put into 
two treatments ( Control and P-Spiked). 
Each assay run used a total of fifty six clear polycarbonate 250 ml 
bottles, eight of which contained assay working solution only (blanks). The 
first APA assay experiment (July 3, 1992) in the Florida Keys used a 4x4x3 
matrix design with four species, four sites, and three replicates with a blank 
at either end of each sites samples (4x4x3 + 8 = 56). The second sampling 
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in the Keys (July 28, 1992) and all of the Bahama assays used a 4x2x6 
matrix design with four species, two treatments (Control and P-spike) and 
six replicates per collection site (4x2x6 + 8 = 56). 
C. Measurement of Alkaline Phosphatase Activity 
The macroalgal APA was measured using para-nitrophenyl phosphate 
(NPP) as a dissolved organic substrate (Kuenzler and Perras 1965). When 
NPP loses its phosphate, it becomes para-nitrophenol (NP) and a yellow 
color develops. The NPP activity was then measured spectrophotometric ally 
by following the yellow color development of the incubation solution. The 
rate of color change in the incubation solution is directly related to the 
activity of the enzyme (Atkinson 1987). The standard curve slope of 0.0167 
IlM of NP/Abs units was used for the para-nitrophenol concentration read at 
410 nm (Lapointe and O'ConneI1989). 
The assay media was made according to Kuenzler and Perras (1965) 
as modified for marine algae by Lapointe (1992). The assay method calls for 
500 ml NPP stock (1.0 g nitrophenol phosphate substrate plus 25.0 g 
magnesium sulfate dissolved in 500 ml deiolllzed water), I L TRIS buffer 
(121.14 g of TRIS buffer brought to 1000 ml deionized water) and 8.5 L of 
ambient filtered sea water. Variations in the method were made to reduce 
the volume and sample size. 
Control algae were added to the assay solution directly; however, 
algae given SRP enrichment were first dipped into a 0.5 L beaker containing 
ambient sea water to remove any potential phosphorus treatment residue. 
All of the sample bottles were incubated under natural irradiance at stable 
ambient temperatures by immersion in water for I hour. At approximately 
IS minute intervals, the Nalgene bottles were inverted to ensure mixing of 
the solution throughout incubation. At -1 hour of incubation, a five ml 
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aliquot sample of assay solution was drawn from each bottle with an 
automatic pipette (different pipette tips was used for blanks versus assay 
media). The aliquot sample was then placed into one of eleven optically 
matched 1 cm cell cuvettes; one cuvette was filled with DIW and used to 
zero the spectrophotometer. Absorbance of NP was measured 
spectrophotometric ally at 410 nm with a portable Hach 2100 direct reading 
spectrophotometer. During the N:P incubation and diel experiments 
conducted at the HBOI field station laboratory on Big Pine Key, a Bausch 
and Lomb Spectronic 20 was used. 
Enzyme activity was calculated from the nitro phenol-time regression 
where one unit represents the amount of enzyme that causes a change in 
optical density of 0.001 )lM of NPP per minute (Kuenzler and Perras 1965). 
The blank measurement averages were subtracted from each experimental 
rate to compensate for background APA in the media possibly produced by 
bacteria, viruses, and/or phytoplankton smaller than 1 )lm. 
Directly following the assay, the algae tissue was dried at 600 C for 24 
hrs. in a Fisher Isotemp Oven (200 Series) and weighed using a Mettler AE 
100 electronic balance which was calibrated to 0.0001 g with NBS 
standards. The dried samples from the Bahamas were individually stored 
until they could be dried and weighed on land. The resulting alkaline 
phosphatase activity was determined as micro moles phosphorus released 
per gram dry weight per hour ()lM P04/g dry weight/hr; Equation 2). 
Equation 2. 
APA = CAbs of sample!hr - mean Abslhr of blanks/0.0167*) x 200ml/l Liter 
gram dry weight of test algae 
*.0.0167 is the slope of the standard curve of absorbance at 410 nm versus para-
nltrophenol concentration established by Lapointe and O'Connel (1989). 
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D. Laboratory Studies: Enrichment Assays and Diel Study 
1. Water Sampling and Aquaria Set-up 
On November 6, 1993 120 gallons of Gulf Stream seawater was 
collected at 24°28.58'N and 81 '25.67'W (positioning was recorded using an 
onboard LORAN instrument). Replicate surface Gulf Stream water samples 
were taken in 60 ml high density polypropylene Nalgene plastic bottles to be 
analyzed for background TN and TP nutrient concentrations at beginning 
and end of the seawater collection to compensate for vessel drift. Twenty 
five, five gallon carbonate carboys were filled with ambient offshore 
seawater, capped with lids and then transported back to the HBOr Field 
Station, filtered through a clean 1 ~m mesh filter and either stored for the 
use in AP A assay media or dispensed into one of the six 50 gallon aquaria. 
All of the aquaria were cleansed and lined with clear polyethylene 
bags which had been acid washed, triple rinsed in DrW, and triple rinsed 
with filtered ambient seawater. The bags were then filled with 50 liters of 
filtered ambient seawater predicted to have background nutrient levels of 0.1 
~M for NH4+ and 0.03 ~M for SRP (predictions based on previous work 
done by Lapointe and Matzie 1995). Actual concentrations after analysis 
were 10.10 ~M TN and 0.51 ~M for TP which is equivalent to 0.81 ~M 
NH4+ and 0.07 ~M SRP (based on previous works in the same waters which 
showed, on average, that NB4 + and SRP represent 8 and 14 percent, 
respectively of the total Nand P pools (Lapointe and Clark 1992)). The 
filtered seawater was then spiked with treatments of P (from ACS reagent 
grade NaH2P04H20), N (from reagent grade NH4CI), or Nand P in a three 
by two factorial design (Table 3). Actual values of the macroalgal treatment 
seawater had incubation ratios of N:P from 3: 1 to 82: 1 (Table 3). Aquaria 
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water samples were taken at time zero (seconds prior to algal immersion), 
and 12 hours, 24 hours, and 48 hours after algal immersion. 
Table 3. 
Three by Two Factorial Design of N:P Ratios of Aquaria Given 
P, N, or N and P Treatments 
________ ~--~~M~N~H4----~2.~5~ll~MLNugH4----~5.~0~ll~MLNuuH,4--__ 
O.O I1M P 
0.2 11M P 
11.4 : 1 46.6 : 1 81.8: 1 
3 : 1 12.2 : 1 21.4 : 1 
2. Algal sampling 
Pad ina virginica was collected within the lagoon of Looe Key bank 
reef and Laurencia poiteaui was collected at a rubble zone slightly 







Florida Keys Laboratory N:P Incubation and Diel Study 
















The algae were cleansed of epiphytes and incubated overnight in 
species specific, 5 gallon high density polyethylene buckets filled with 
ambient sea water collected from Looe Key. The algae were gently aerated 
overnight to avoid anoxia. In the morning, algae were cut to approximately 
1.0 g wet weights and then an estimated one hundred twenty pieces of 
23 
Padina virginica and Laurencia poiteaui were placed into each of the six 
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Figure 7. Diagram demonstrating 120 replicates of Padina virginica (P) and Laurencia 
poiteaui (L) put into one of six treatments. 
Effort was made to reduce the lag time among placing the algae 
within the aquaria and once all were in, experimental time was designated at 
zero. The aquaria were gently aerated continuously for 48 hours. 
Each bioassay series used the two species from each treatment with 
five replicates each (algae used for the diel study came from the control 
treatment (T2) aquarium). Therefore there was a 2x6x5 matrix with 12 
bottles containing assay solution only (blanks) at a grand total of 72 assay 
bottles (2x6x5 + 12 = 72). 
The AP A sampling schedule for the diel study was every four hours 
for 28 hours and the N:P incubation experiment was sampled at 4, 8, 20,24. 
44, and 48 hours. 
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E. Seawater Analysis 
Seawater turbidity (as nephelometric turbidity units, NTU) from each 
site was determined using unfiltered water samples (immediately following 
collection) on a Hach 2100 Turbidimeter calibrated with Hach Gelex 
Secondary Turbidity Standards that had previously been compared against 
the Hach Primary Formazin Turbidity Standard using a Hach digital titrator 
(U.S.E.P.A. 1983 ). 
Concentration of TN and TP was determined using a Technicon 
Autoanalyzer II by Analytical Services at the Chesapeake Biological 
Laboratory. The method involved persulfate digestion for determination of 
TN (D'Elia et al. 1977) and TP (Menzel and Corwin 1965) according to 
standard Technicon Industrial methodology (Technicon 1973). 
F. Macroalgal Vouchering and Tissue Analysis 
Algal tissue of the assayed species from each site were individually 
preserved in whirl-pack plastic bags with 4% buffered paraformaldehyde for 
vouchering. Additional algal tissue was dried for 48 hours at 60 a C, 
powdered in a mortar and pestle and stored in 5 ml plastic vials with a 
screw-top lid to later be analyzed by the Marine Science Institute at the 
University of California in Santa Barbara for C:N:P ratios. Of each sample, 
1000 to 2000 Ilg was weighed out using a Cahn micro-balance and then 
loaded into a Leeman Labs Model CE 440 automated CHN autoanalyzer. 
The samples were combusted in an oxygen-enriched helium atmosphere for 
6 minutes and the combustion products (C02, NOx (reduced to N2) and 
H20) were analyzed with three pairs of thermal conductivity detectors to 
determine CHN content. Precision for the CHN analyses is +/- 0.3 weight 
percent or better. Phosphorus content was determined using a wet digestio.n 
method (Menzel and Corwin 1965) by Frank Setaro, University of 
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California, Santa Barbara where the standard reference is citrus leaves. 
Precision of measuring P is ± 0.13 weight percent. Results were given as 
weight percent of each element. Equation 3 demonstrates the formula used 
to tabulate the molar ratios of the elements. 
Equation 3. Wt % x 10.000 
Molecular Wt* 
*Where C= 12.011, N= 14.0067, and P= 30.97376 
G. Statistical Analysis 
1. One-way ANOVA Interpretation 
Significance was determined by evaluating the F and p statistic within 
each ANOV A table listed within the appendices. When the p value was less 
than 0.05 (p<0.05) the null hypothesis (Ho: /-LI = /-L2) was rejected meaning 
that the population means being compared were significantly different. In 
order to determine which species, site, or treatment being tested was 
significantly different from the others, a Tukey multiple comparison test was 
run. Tukey tests are significant when mean comparisons within the table are 
either both positive or both negative numbers (the signs are dependent upon 
the subtraction order). A positive value and a negative value together within 
the test therefore indicate that the compared values are not significantly 
different from each other. 
For simplification within each table, a mean and standard deviation 
diagram was included to demonstrate which species, site, or other 
comparison was significantly different. The plot axis for the mean and 
pooled standard deviations are based on the individual 95% confidence 
intervals. An asterisk within the parentheses is the plotted mean, whereas, 
dashes indicate the plus and minus standard deviations. When the 
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parentheses overlap within the diagram the specIes, site or comparisons 
being tested are not significantly different and conversely, parenthesis that 
do not overlap represent significant mean differences. 
2. Alkaline Phosphatase Activity 
a. Florida Keys versus Bahama Surveys 
One-way ANOV A and Tukey multiple comparison tests were used to 
test differences in AP A among species, sampling sites, phosphorus 
enrichment treatments, differences in reef versus nearshore environments, 
among and between macroalgae collected from the Florida Keys and the 
Bahamas. 
b. Laboratory Bioassays and Diel Study 
One-way ANOV A was used to test differences in AP A activities in 
Padina virginica and Laurencia poiteaui (respectively) over a 28 hour 
sampling period as well as to compare treatment effects of diel metabolism 
on nitrogen and phosphorus using APA of Padina virginica and Laurencia 
poiteaui (respectively) at regimented sampling times over the 48 hour 
incubation. 
3. Macroalgal Tissue: Florida Keys versus the Bahamas 
C:N:P data of the macroalgae were grouped according to site. One-
way ANOV A was used to compare average reef and nearshore differences 
among and between the Florida Keys and the Bahamas. 
4. Seawater Nutrients: Florida Keys versus the Bahamas 
TN and TP seawater analysis were grouped according to site. Site 
averages (surface and bottom values) were used to determine differences 
among and between reef and nearshore sites of the Florida Keys and the 
Bahamas. 
IV. RESULTS 
A. Field Studies of APA and Tissue C, N, and P 
1. Florida Keys 
Table 5 lists the mean values for AP A and tissue nutrient composition 
and ratios for macroalgae sampled in the Florida Keys. Figures 8A and 8B 
graphically compare the overall mean of macroalgal APA activities between 
site groupings. Macroalgal APA values were significantly higher (F= 6.03, 
p=O.OOl) in seagrass meadows of Pine Channel compared to the other canal, 
patch reef and bank reef sites (Figure 8A). The lowest values (30.27 ± 19.49 
11M. P04/g dry weightlhr) were in macroalgae collected in the wastewater 
impacted canal site and the highest values (63.52 ± 25.12 11M. P04fg dry 
weightlhr) occurred in seagrass meadows of Pine Channel; intermediate 
values were observed in reef macroalgae from Munson Island (40.38 ± 24.68 
11M. P04/g dry weightlhr) and Looe Key (34.92 ± 31.26 11M. P04fg dry 
weightlhr). Overall, APA of reef macroalgae (37.65 ± 27.90 11M. P04/g dry 
weightihr) were not significantly different from that of the nearshore 
macroalgae (46.89 ± 27.84 11M. P04/g dry weightlhr, Figure 8B). 
Intraspecific differences in AP A were also evident among the sites 
(Figures 8C-F). Laurencia poiteaui, a rhodophyte, and Dictyota linearis, a 
Phaeophyte, growing in the nearer shore patch reef were significantly more 
P-limited (F=16.75, p=O.OOl and F=18.18, p=0.013 respectively) with APA 
values ranging from 51 ± 7 11M. P04/g dry weightlhr and 80 ± 21 11M. 
P04/g dry weightihr respectively than the same taxa growing in more 
offshore reefs at Looe Key (17 ± 311M. P04/g dry weightlhr and 28 ± 5 11M. 
P04/g dry weight/hr). In contrast the opportunistic Chlorophyte, 
Chaetomorpha gracilis, at Looe Key was highly P-limited (the highest APA 
recorded within the Keys; 99 ± 8 11M. P04/g dry weightlhr) and 87% greater 
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than the same species collected from the Port Pine Heights canal (13 ± 6 
l-lM· P04/g dry weightlhr; F=213.85, p<O.OOI). 
The addition of SRP did not significantly reduce AP A production of 
macroalgae sampled within the Florida Keys. Slight reduction was noted for 
all sites except Port Pine Heights where APA production slightly increased 
with SRP enrichment (Table 5). Chaetomorpha gracillis had an APA 
control mean of 13 ± 6l-lM· P04/g dry weightlhr and a treatment mean of 22 
± 4l-lM· P04/g dry weightlhr. Likewise, Laurencia intricata had an APA 
control mean of 37 ± 3.6 l-lM· P04/g dry weightlhr and a treatment mean of 
43 ± 8.5 l-lM· P04/g dry weightlhr. 
Tissue analysis supported strong P-limitation as evidenced by elevated 
C:P and N:P ratios in macroalgae, especially in the nearshore sites. 
Although not significantly different, the C:P and N:P ratios were variable 
among sites. Looe Key had the lowest C:P and N:P values of 1,236 ± 518 
and 45 ± 8.5 respectively; whereas, the Patch Reef had the highest C:P value 
of 2,451 ± 146 and Port Pine Heights Cannal had the highest N:P value of 
107 ± 13 (Table 5). C: N ratios were not significantly different, but ranged 
from 21 ± 2.8 in Port Pine Heights to 27 ± 6.4 at Looe Key (Table 5). 
2. Bahanlas 
Mean values for macroalgal AP A and tissue composition are grouped 
into reef and nearshore environments in Tables 6 and 7 respectively. APA 
in reef sites were low (ranging from 11 ± 6 l-lM· P04/g dry weightlhr to 18 
± 6 l-!M' P04/g dry weightlhr) and did not suggest P-limitation (Figure 9A); 
whereas, nearshore values were much higher (APA ranged from 19 ± 11 
l-lM· P04/g dry weightlhr to 64 ± 21 l-lM· P04/g dry weightlhr) and P-
limitation did occur (Figure 9B). One-way ANOV A confirmed that APA of 
macroalgae growing in nearshore environments were significantly higher 
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(F=73.76, p<O.OOI; 33 ± 21 11M. P04/g dry weight/hr) on average than 
macroalgae growing in reef environments (15 ± 811M. P04/g dry weightlhr; 
Figure 9C). The highest APA values came from macroalgae growing in a 
detritus rich, mangrove creek environment (Cat Island; significance of 
F=46.12, p<O.OOI; 63.73 ± 21.43 11M. P04/g dry weightlhr); whereas, 
second and third highest values were in macro algae growing in Turtle Bight, 
Crooked Island (APA of 31.48 ± 12.34 11M. P04/g dry weightlhr) and 
Sweeting Cay (27.1 ± 10.76 11M. P04/g dry weightlhr), both shallow water 
channel nearshore environments very similar to Florida Keys', Pine Channel 
(Figures 9D-F). The lowest APA values (11 ± 6 11M. P04/g dry weightlhr) 
occurred in the guano fed, patch reef of White Cay, San Salvador (Figure 
9G). 
Common species among samplings such as Sargassum hystrix, 
Dictyota divaricata, Cladophoropsis macrameres, Lobophora variegata, and 
Stypopodium zonate showed no significant differences between similar 
habitat type. The only genera that showed significant variability was 
Laurencia spp. AP A differences in the Rhodophyte, Laurencia obtusa 
collected from the nearshore (Sweeting Cay) were significantly more 
(F=11.90, p=O.006) P-limited (26 ± 6 11M. P04/g dry weightlhr) than reef 
algae of the same species (Mayaguana; 17 ± 2 11M. P04/g dry weightlhr; 
Figures 9F and 9H). Morphological differences played a significant role in 
APA of both Laurencia intricata (F=41.94, p<O.OOl) and Laurencia 
papillosa (F=425.65, p<O.OOl). Lightly colored (less pigmented) Laurencia 
intricata and Laurencia papillosa collected from Cat Island demonstrated 
higher APA (92 ± 12 11M- P04/g dry weightlhr and 67 ± 15 11M. P04/g dry 
weightlhr, respectively) than the same species with darker pigmentation 
collected from the same as well as other sites (ranging in APA of 28 ±7 11M. 
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P04/g dry weight/hr (Sweeting Cay) to SO ± 14 11M. P04/g dry weightlhr 
(Cat Island) for Laurencia intricata and 18 ± 14 11M. P04/g dry weightlhr 
(Little San Salvador) to 46 ± 2 11M. P04/g dry weightlhr (Cat Island) for 
Laurencia papillosa; Figures 9D, 9F and 91 respectively). 
Of the nearshore sites, macroalgae collected from Cat Island and 
Spanish Wells (Figures 9D and 91) showed significant reduction in APA 
from SRP addition (From Cat Island: Laurencia papillosa (light) F=16.18, 
p=0.002; Laurencia intricata (light) F=66.98, p<O.OO 1; Laurencia papillosa 
(dark) F=136.49, p<O.OOl; From Spanish Wells: Cladophoropsis 
membranacea F=8.S1, p=O.OlS; Dictyota divaricata F=7.81, p=0.019; 
Padina vickersiae F=1O.23, p=O.OlO). Within reef sites two of the species 
from Mayaguana (Stypopodium zonale F=9.60, p=O.Oll; Laurencia obtusa 
F=2S.04, p<O.OOl) and one from Hogsty Reef (Trichogloeopsis pedicellata 
F=28.43, p<O.OOl) showed significant APA reduction with SRP (Figures 9H 
and 9K). 
Elevated tissue C:P and N:P ratios in macro algae, especially in the 
nearshore sites, supported strong evidence for P-limitation. The C:P ratios 
were significantly different with F=8.73. p=O.OOS ranging from 1414 ± 479 
in reefs to 2124 ± 9S8 in nearshore habitats and N:P ratios were also 
significantly lower (F=18.77, p<O.OOl) in reefs (SO ± 16) versus nearshore 
habitats (96 ± 4S). C:N ratios were significantly higher in reef habitats 
(F=S.30, p=0.027) with overall averages of 29 ± 11 in comparison to 
nearshore average values of 23 ± 6 (Tables 6 and 7). Values are attributable 
to the significantly variable percent Nand P compositions across the habitats 
(F=2.36, p=0.038 and F=3.07, p=O.OlO respectively) ranging from lows of 
0.69 ± .19 in reefs to highs of 1.3 ± O.IS in nearshore habitats for %N and 
0.02 ± 0.006 in nearshore habitats to 0.07 ± O.OlS in reefs for %P. Most 
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outstanding in the data set was that %P composition of reef macro algae 
growing in the guano rich waters of White Cay, San Salvador were 
significantly higher (F=9.42, p=0.001) with values ranging from 0.05 III 
Lobophora variegata to 0.09 in Codium taylori. 
3. Florida Keys versus the Bahamas 
Table 8 depicts the overall average of reef and nearshore AP A and 
tissue composition of macroalgae collected from the Florida Keys and the 
Bahamas. Both reef (37.65 ± 27.90 11M. P04/g dry weightihr ) and 
nearshore (46.89 ± 27.84 11M. P04/g dry weightlhr) averages within the 
Keys were significantly higher (F=64.17, p<0.001 and F=1O.93, p=0.001 
respectively) than reef (14.90 ± 7.76 11M. P04/g dry weightihr) and 
nearshore (32.55 ± 21.13 11M. P04/g dry weightlhr) APA averages of the 
Bahamas respectively. Reef algae in the Florida Keys did not have 
significantly different AP A values from the nearshore algae in the Bahamas 
(Figure 10). 
Significant differences in macroalgal tissue composition among the 
Florida Keys and the Bahamas was not evident. However, regression 
analysis showed there was a highly significant and linear relationship (F=29, 
p<O.OO 1; correlation coefficient r = 0.625) between AP A and N:P (Figure 
11). Furthermore, combined species of Laurencia also documented a highly 
significant and linear relationship (F=11, p=0.006; correlation coefficient r = 
0.672) between APA and tissue N:P (Figure 12). 
B. Seawater Nutrient and Water Quality Analysis 
Turbidity, nutrient concentrations, and salinity of all sites sampled in 
the Florida Keys and Bahamas are presented in Table 9. 
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1. Florida Ke ys 
Turbidities in the Keys were lowest in Looe Key and Pine Channel 
(0.39 and 0.46 NTU) and highest in Port Pine Heights Canal and Munson 
Islands Patch Reef (0.69 and 0.64 NTU respectively), but were not 
significantly different. 
Both water column TN and TP decreased significantly from the 
nearshore waters to the offshore reef sites (F=93.05 p<O.OOl; F=17.43 
p<O.OOI respectively). TN was significantly different at each site (F=65.75, 
p<O.OOl) and ranged from 31.1 ± 5.29 /-lM TN in the canal to 23.3 ± 4.24 
/-lM TN in Pine Channel to 14.0 ± 4.20 /-lM TN in the Patch Reef and 7.3 ± 
1.64 /-lM TN at Looe Key. TP ranged from 0.435 ± 0.107 /-lM TP in the 
canal (significantly highest with F=45.03 and p<O.OOl) to 0.168 ± 0.045 /-lM 
TP in Pine Channel to 0.177 ± 0.057/-lM TP in the Patch Reef and 0.109 ± 
0.044 /-lM TP at Looe Key. N:P water column ratios in Pine Channel were 
significantly higher (1.8 fold) than the other sites (F=7.81, p<O.OOl). 
Salinity was slightly higher off shore than inshore but not 
significantly. 
2. Bahamas 
Turbidity was highly variable within the Bahamas and ranged from 
lows of 0.12 ± 0.076 at The Wall, San Salvador to the highest value of 4.8 ± 
6.58 at neighboring White Cay, San Salvador however, on average, there 
were no significant differences. 
Water column TN was significantly (F=5. 11 p=0.034) lower over 
reefs averaging 8.58 ± 3.65 /-lM TN than average nearshore water values of 
15.44 ± 9.49 /-lM TN. The highest water column nitrogen values were at 
Crooked Island with 24.9 ± 12.66 /-lM TN and lowest at Hogsty Reef with 
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6.9 ± 2.19 11M TN. TP was not significantly different between nearshore 
and reef sites (0.17 ± .06 11M TP and 0.24 ± .15 11M TP). 
Salinity was not significantly different between the sites. Lowest 
values were at Little San Salvador and Crooked Island (28.2 ± 13 %0 and 
31 ± 6. 1 %0 respectively) and were highest at Mayaguana (38.5 %0). 
3. Florida Keys and Bahamas 
One way ANOV A revealed no significant differences between 
turbidity nor salinity in the Florida Keys and the Bahamas. 
One-way ANOVA showed significant differences in TN and N:P ratio 
between the Florida Keys and the Bahamas. TN averaged 18.9 ± 9.95 11M 
TN in the Keys, a value significantly (F=7.53, P=0.008) higher than a mean 
value of 12.4 ± 8.15 11M TN for the Bahamas. N:P ratio was also 
significantly higher (F=8.37, p=0.005) on average in the Florida Keys (97.62 
± 46.94) than in the Bahamas (65.48 ± 37.50). 
No significant differences were observed for TP between the Florida 
Keys and the Bahamas. 
C. Laboratory N:P Enrichment and Diel Study 
Figures 17 and 18 A-F represent the APA of incubated macroalgae 
sampled at 4, 8, 20, 24, 44 and 48 hours after being given N, P, or N+P 
treatments. Figures 19 and 20 graphically represent the diel distribution 
pattern of control macro algae sampled at 4 hour intervals. One way 
ANOV A revealed that there were no significant differences in N, P, or N+P 
treatments over time for either Laurencia poiteaui or Padina virginica 
(Figures 17 and 18 A-F). A few APA diel sampling times were 
significantly different for both Laurencia poiteaui and Padina virginica 
specifically the 12 and 20 hour samplings of Laurencia poiteaui were 
significantly lower in APA activity than the 48 hour sampling and the 24 
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hour sampling of Padina virginica was significantly higher in APA activity 
than all of the other sampling times except the 4 hour and 48 hour samplings 
(Figures 19 and 20). 
v. DISCUSSION 
A. Large-Scale Patterns Between the Bahamas and Florida Keys 
This comparative study of macroalgal nutritional status and water 
quality between the relatively pristine waters of the Bahamas and the 
anthropogenically-impacted waters of the Florida Keys shed new light on 
our understanding of the physiological processes underlying tropical 
coastal eutrophication. Both of these shallow, carbonate-rich, coral reef 
ecosystems share many physical, chemical, biological, and geological 
similarities. Despite their large spatial scale, habitat heterogeneity, and the 
inherent biological variability among the numerous taxa assayed in this 
study, highly significant and distinct differences in macroalgae between the 
two study areas were evident. Perhaps the most significant finding was that 
mean AP A of offshore reef macroalgae in the Florida Keys were 
unexpectedly high and statistically similar to nearshore macroalgae 
inhabiting mangroves, channels, and embayments that represent naturally 
enriched waters in the Bahamas. These findings clearly show that on 
average, macroalgae of the Florida Keys, compared to those of the Bahamas, 
have APA twice as high and therefore, two-fold higher P-limitation of 
productivity. This phenomenon extended from nearshore waters of the 
Florida Keys (where APA values were 1.5-fold higher than those in the 
nearshore Bahamas) to the offshore bank reefs (which were 2.5-fold higher 
than those in the Bahamas). APA values found in the present study are 
higher than those reported by Atkinson (1987) for macroalgae in Kaneohe 
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Bay, Hawaii, suggesting that the shallow carbonate-rich waters of the 
Bahamas and Florida Keys are more P-limited than those studied by 
Atkinson. 
B. The Evolution of P-Limitation through Eutrophication and 
Nitrogen Build-up 
The greater APA and P-limitation of the Florida Keys macroalgae 
appears to be related to the build-up of nitrogen in the water column of the 
Florida Keys that elevates the N:P ratio and thus, the degree of P-limitation. 
Total N concentrations of the water column were significantly higher in the 
Florida Keys compared to the Bahamas; additionally, the tissue N:P ratios of 
all macroalgae sampled (Bahamas and Florida Keys) correlated significantly 
and positively with APA, indicating that elevated water column N increases 
the N:P ratio of macroalgae, forcing them into increased P-limitation (see 
Figure 11). 
There are many reasons for N build-up in the Keys. First, several 
major anthropogenic sources of N occur on the Keys watershed. On a 
regional scale, fresh water runoff from the Everglades contributes substantial 
nitrogen loads to coastal waters of the Keys (Lapointe and Matzie 1995). 
These high nitrogen loads are traceable to agricultural activities in south 
Florida, which have resulted in increased TN concentrations of surface flows 
through the Everglades into Florida Bay from top soil oxidation, fertilizers, 
and other sources. Fresh water inputs to the Everglades over the past three 
decades have contained high concentrations of nitrogen (-100 J..lM), which 
are taken up by the wetlands vegetation and microbes but are ultimately re-
released as ammonium so that little net uptake of nitrogen occurs (Davis and 
Ogden 1994; Urban et al. 1993). Accordingly, recently increased flows 
through the Everglades since 1991 have increased regional nitrogen inputs to 
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Florida Bay and have contributed to the elevated nitrogen concentrations 
observed in the Keys coastal waters during this study (Lapointe and Matzie 
1995). 
Locally, human wastewater in the Florida Keys is also enriching the 
groundwater's with 'new' inputs of Nand P, contributing to elevated 
concentrations of these nutrients in the nearshore canal and seagrass 
meadows as well as the offshore patch and bank reef habitats. Lapointe et 
al. (1990), in a one year study, determined that the N:P ratios of groundwater 
associated with OSDS were consistently> 100: l. The winter 'dry season' 
groundwater nutrient concentrations were twice as high as summer 'wet 
season' samples and nutrient concentrations of surface waters where - 2-
fold higher during the summer compared to the winter. Therefore summer 
time precipitation increases ground water flows which carry resident OSDS 
nutrients into surface waters. The present study, performed in the early 
summer season, showed a significant decrease in TN and TP concentrations 
with increasing distance from shore. TN concentrations decreased almost 
linearly from nearshore to offshore whereas TP concentrations decreased 
most rapidly between the source canal waters and Pine Channel. Lapointe 
and Clark (1992) documented similar nutrient dilution and assimilation 
patterns in a study characterizing the various nutrient pool fractions both 
spatially and seasonally throughout the Florida Keys. 
Several factors lead to high N:P ratios of nutrient inputs from local 
watersheds in the Florida Keys. The geochemical processes of P043-
binding to CaC03+ as discussed in the introduction may limit the buildup of 
SRP in groundwater's and the water column as compared to N. N:P ratios of 
groundwater's enriched with OSDS increased with increasing distance from 
wastewater inputs, suggesting significant, but incomplete, absorption of P by 
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subsurface flow through carbonate substrata (Lapointe et al. 1990). 
However, TP concentrations in nearshore waters of the Keys were over two-
fold higher than reef concentrations, which may indicate that the buffer 
capacity for carbonate P adsorption around the islands may be diminishing 
as the limestone becomes saturated with P from continued wastewater 
loading. This process could ultimately lead to P buildup in the water column 
as well. Carbonate-rich waters also appear to have low rates of 
denitrification (Davis and Ogden 1994) which would further lead to nitrogen 
buildup in the water column. Nitrogen buildup of the water column over 
coral reefs adjacent to limestone watersheds has been documented in 
Jamaica (D'Elia et al. 1981) and the Florida Keys (Lapointe and Clark 1992). 
C. Between-Site Variability in P-Limitation of the Bahamas and 
Florida Keys 
The significant patterns described for the regional comparisons were 
also evident on smaller-scales between sites in both the Bahamas and the 
Florida Keys. Comparable macroalgal APA and tissue N:P ratio responses 
were found among hypereutrophic sites within the Bahamas and the Florida 
Keys. For example, the lowest macroalgal APA was recorded at White Cay, 
San Salvador, in the Bahamas. This island is a seabird rookery 
characteristically enriched with both Nand P from guano deposition (but at 
a low N:P ratio of - 1:1; Lapointe et al. 1994). White Cay macroalgae had 
an average APA <11 11M P04/g dry weightlhr, the lowest average APA of 
any site of the study. This site also contained conspicuous populations of 
green opportunistic macroalgae that are known indicators of nutrient 
enrichment. Particularly abundant in the nearshore areas of White Cay was 
Codium taylori, which had the lowest recorded APA of the entire study 
(5.344 ± 1.386 JlM P04/g dry weightlhr) and had a tissue N:P ratio also 
showing little P- limitation (33: 1) 
Likewise, the hypereutrophic site within the Florida Keys, Port Pine 
Heights Canal, had the lowest AP A average measured in the Keys. Similar 
to White Cay in the Bahamas, this Canal is directly influenced by septic tank 
leachate which sustained populations of opportunistic green macroalgae 
such as Chaetomorpha gracillis. As with Codium taylori in the Bahamas, 
the mean APA values of Chaetomorpha gracillis were the lowest recorded 
in the Florida Keys (13 JlM P04/g dry weightlhr). In contrast to Codium 
taylori in the Bahamas; however, Chaetomorpha gracilis had a tissue N:P 
ratio of 97: 1 suggesting strong P-limitation. 
Macroalgae experiencing eutrophic conditions in the Florida Keys had 
the highest N:P ratios and APA. Macroalgae sampled in Pine Channel, 
which is influenced both by mangrove detrital litter and -4,000 -5,000 septic 
tanks on its immediate watershed, had similar N:P tissue ratios and APA as 
macroalgae from the headwaters of a mangrove creek on Cat Island (96: 1 
versus 149: 1 and both had APA of 64 JlM P04/g dry weight/ill). Therefore 
macroalgal response to N buildup in Pine Channel, a tidally- flushed open 
embayment receiving wastewater N inputs, was virtually identical to the 
confined, low flushing, shallow creek on Cat Island that was influenced by 
decomposition of natural organic matter such as terrestrial detritus and 
mangrove leaf litter. Also noteworthy was that both of these sites had 
predominate populations of Laurencia spp. over the seagrasses and 
mangrove prop roots, a successional symptom of eutrophication noted 
within the Florida Keys by Lapointe et al. (1994). 
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D. P-Limitation, APA and Tissue Analysis 
Although significant differences in tissue carbon, nitrogen, and 
phosphorus were not observed between macroalgae from the Bahamas and 
the Florida Keys, our results show that the macroalgae sampled were some 
of the most P-limited macroalgae reported to date in the scientific literature. 
The combined overall mean percent C and N were 20.7 ± 4.9% and 1.0 ± 
0.3% respectively, values that are comparable to macroalgae sampled in 
other carbonate-rich waters such as Belize, Bermuda, Bahamas, Jamaica and 
the Florida Keys (Lapointe et al. 1992). However, the combined overall 
average of %P in the present study (0.036 ± 0.02%) was almost half the 
previously reported value of -0.07 % for the Florida Keys. This difference 
is probably due to the fact that the macroalgae sampled by Lapointe et al. 
(1992) were collected in relatively eutrophic, nearshore environments that 
would elevate the %P content. The macroalgae from the present study were 
collected on the most part from pristine, low nutrient waters of the Bahamas 
(with the exception of a few sites previously noted) that would result in low 
%P values. The mean molar C:P (1794 ± 783) and N:P (77 ± 38) ratios of 
the present study were also 2.5-fold and 2. I-fold higher, respectively, than 
the mean of 700 and 35 reported for world-wide averages of benthic marine 
macrophytes (Atkinson and Smith 1983). 
While APA is considered an index of P-limitation in macroalgae, it 
was hypothesized that SRP addition would reduce APA in P-deficient plants. 
Species of Laurencia were common among the sampling sites of both the 
Florida Keys and the Bahamas and were therefore frequently used for APA 
bioassay. APA and tissue compositions varied greatly among sites; 
however, regression analysis revealed a highly significant, linear 
relationship (correlation coefficient r = 0.672) between AP A and N :P. 
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Despite this correlation, SRP spikes reduced APA only at the most P-limited 
site in the Bahamas, Cat Island, where both APA and N:P tissue 
compositions were highest. Here, SRP addition significantly decreased APA 
of the high light acclimated Laurencia papillosa and Laurencia intricata 
(seen in lighter pigmentation). Although SRP addition reduced AP A of 
macroalgae at other sites as well, few other significant reductions were 
observed. 
The lack of a significant reduction in AP A in response to SRP 
addition might be related to the possibility that the spikes of 2 11M SRP were 
in excess of plant demands, that there are species-specific responses to SRP, 
and/or the species assayed may be obligate DOP users that rely heavily on 
APA to sequester DOP pools prior to uptake across the cell membrane. For 
the most part, macroalgae that had low AP A's were further reduced by SRP 
addition although insignificantly. For instance Codium taylorii, a 
chlorophyte commonly associated with high nutrient receiving waters, was 
found to have very low APA at White Cay, San Salvador and SRP addition 
further reduced AP A although insignificantly. On the other 
hand,Chaetomorpha gracillis sampled in the Florida Key, Port Pine Heights 
canal, had the lowest AP A recorded in this region and when given SRP 
treatments increased APA production by 54% (an insignificant increase 
considering confidence intervals). The slight increase in APA production 
when given SRP treatments was also noted in other bloom forming species 
such as Dictyota, Laurencia and Enteromorpha. These results suggest that 
measurement of APA alone is a good index of P-limitation and that P-spikes 
along with measurement of AP A may not be a reliable indicator of P-
limitation. 
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E. Nutrient Availability Within the Water Column and N:P 
Enrichment Studies 
Patterns of land-based runoff within this study are unknown for the 
Bahamas because water sample transects from onshore to offshore sites were 
not conducted. However, TN and TP concentrations in the Bahamas were 
comparable to values on the patch reef and bank reef sites of the Florida 
Keys. Lapointe and Clark (1992), in a similar nutrient study in the Florida 
Keys, quantified the fractional components of TN and TP .and found that the 
dissolved organic pools, DON and DOP, dominated the total nutrient pools 
with increasing distance from land. Similarly, because DIN is less limiting 
to primary productivity compared to SRP in nearshore waters of the Keys 
(Lapointe 1987, 1989), NH4+ and N03- remained elevated in the water 
column to a greater distance from land compared to SRP. 
Two particular Bahamian sites were much higher in TN and TP water 
column concentrations than other sites. One was a long, confined shallow 
creek with little flow and substantial organic matter for mineralization of 
nutrients (Crooked Island) and the other another shallow embayment 
sampled just days after Hurricane Andrew (Spanish Wells). The confined 
nature of these sites, combined with little water flow and the physical 
disturbance of a hurricane, are likely responsible for the elevated levels of 
water column nutrients at these sites. 
Experimentally enriched macroalgae given variations in treatments of 
either, or, or both Nand P concentrations did not significantly differ from 
the controls (for the most part) in establishing patterns in nutrient uptake or 
AP A responses . Previous works done by Lapointe have shown that N 
pulsing increases APA (Lapointe and O'Connell 1989). The reasons for 
insignificant results within this laboratory controlled experiment could be 
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related to several factors including dormancy, temperature, and decreasing 
photo-periods. There did appear to be a diel pattern in APA production over 
the 28 hour sample period however, temperature decreases in the night of <5 
DC were most likely the reason for APA reduction (a typical QIO response). 
F. Environmental Considerations 
It is natural for nearshore limestone environments to typically have 
elevated TN concentrations relative to TP due to the presence of higher in 
nitrogen detritus rich habitats such as mangrove fprests, estuaries, 
embayments, and watershed run off in general. Therefore nearshore 
environments will have higher N:P ratios and stronger limitation for P. As 
. discussed in the introduction, Ryther et al. (1971) determined that a ratio of 
35: 1 was the border line between N limitation and P limitation for marine 
macrophytes. Figure 21 clearly demonstrates the relativity of limitation for 
P within the Florida Keys as N builds up in the nearshore waters. 
Physiologically, we found that nearshore macroalgae collected in the 
Bahamas had significantly higher APA than macroalgae growing in offshore 
reef environments. However, due to eutrophication within the Keys, 
macroalgal APA was not significantly different between the nearshore and 
offshore reef environments. The reason for this was that canal macroalgae 
had depressed AP A similar to macroalgae growing in the bank reef. In 
contrast, macroalgae from Pine Channel were responding like extremely P-
limited plants even though water nutrient analysis showed that P was 
available. Further analysis revealed that the water column N:P ratios within 
Pine Channel were much higher than the other sites. 
Work done by Lapointe in 1991, (published Lapointe et al. 1993) 
showed that phosphorus was building up within the waters of the Florida 
Keys and that the ecosystem could eventually become an N limited system. 
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The data within this study does not dispute the finding that phosphorus is 
increasing in the Florida Reef Tract as TP sampled in human impacted 
waters of the canal systems were indeed significantly higher than the 
majority of all of the sites sampled within the Bahamas. The difference of 
these findings, only a year latter, along the same sampling sites as Lapointe, 
is that the macro algae are physiologically adjusting to the nutrient loads as 
seen in the AP A fluctuations. 
Most important for a plant to grow are the abiotic. factors (sunlight, 
relatively non-fluctuating temperatures , and nutrient availability). 
Macroalgae when given optimum conditions for (light availability and 
isotemperatures) growing within high nutrient areas (canals, guano enriched 
waters, closed high detritus areas like embayments) will have other energy 
priorities (reproduction and growth) over enzymatic APA production when P 
(most likely DOP) is readily available. (In fact, when macroalgae from Port 
Pine Heights were given a 2 ~M spike of SRP, APA slightly increased). 
Whereas, macroalgae growing in relatively high nitrogen areas (areas 
receiving diluted sources of high nutrient waters such as Pine Channel, the 
Wall and Patch Reef, San Salvador), sequester the N for growth (as seen in 
the tissue composition; Ryther et al. 1961, Lapointe 1985) and maintain high 
APA for obtaining P. It may be that the observational N:P values of 
macroalgae within these sites were at their physiological maximum range for 
N uptake. Counter intuitively, macroalgae constrained by nutrient 
availability such as those growing out in the reef areas utilize conservation 
and millennia long genetic adaptation to overcome competition and grazing 
and therefore will produce APA to facilitate balanced growth. 
Nutrient enrichment causes phytoplankton blooms and fuels 
macroalgal growth. The year round availability of light and favorable 
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temperatures within the Keys coupled with exogenous nutrient sources 
increase the biomass of algae. Processes and flow rates which are 
accelerated during the wet season (Lapointe and Clark 1992). When 
macro algae depress coral growth they depress a vital process in reef 
construction (Johannes et al. 1993). Corals are not the only calcifiers in 
coral reef communities (Kinsey 1979) but, they provide the essential 
substrate within which other calcifying organisms and debris accumulate to 
cement and form the reef stmcture (Stoddart 1969). Calcification rates of a 
coral reef community can be high in the absence of corals, however without 
a coral framework many of the other calcifying organisms are swept away 
by currents when they die, their skeletons forming unconsolidated sediments 
rather than reefs (Johannes et al. 1993). 
The increase in nutrient concentrations within the water column of 
carbonate-rich environments therefore changes the ecosystem from coral 
dominance to macroalgal dominance to a succession followed by 
phytoplanktonic dominance. Johannes et al. (1993) said it best "because 
nutrient-enrichment of reef waters favors the growth of macro algae over 
corals, reef communities where macroalgal competition with corals is 
intense under normal conditions may be especially vulnerable to man-
induced nutrient-enrichment, e.g. via sewage or agricultural runoff." This 
trophic evolution doesn't take much time either and due to the highly 
efficient recycling abilities of coral reef fauna and flora (Johannes et al. 1972 
Research Report, September 1972, BioScience) it will most likely not revert 
once (if) nutrient flows are terminated. It has been only the last 30 years that 
the southern regions of the Florida Keys have been so densely populated. 
Research in Pine Channel by Lapointe and Clark (1990) have documented 
the epiphytic loads of macroalgae over seagrasses and ongoing research in 
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Florida Bay is noting the progression of phytoplankton which are yet to 
dominate the ecosystem entirely. What remnant samples of macroalgae that 
could be found, even in depths <1 m, showed extremely low levels of APA 
as well as PI Curves in the shape of shade adapted species. Primary 
productivity's unlike what Kinsey andDomm (1974) predicted for fertilized 
enhancement in coral reef environments where in actuality fish stocks are 
further depleted by never recorded before blooms of 'red tide' throughout the 
Florida Reef Tract. Fish, crustacean, and mollusc kills . so great that true 
values will never be recorded. 
All as a result of a hasty decision to increase freshwater flows from 
the Everglades through the Keys out to the reefs where prevailing succession 
of coral cover by algal cover was said to be responding to elevated salinity's 
(Deurako as cited in Davis and Ogden 1994 and Zieman as cited in National 
Fisherman 1991). Our research showed that salinity between the Florida 
Keys and the Bahamas on a very broad scale were not significantly different 
and, in fact, slightly lower in the reef areas of the Florida Keys than the reef 
areas of the Bahamas. Posteriori analysis of scientific studies performed 
within Florida Bay also failed to infer salinity as the primary agent for 
ecosystem deterioration (Boesch et al. 1993). Yet, to date, the nutrient 
ladden freshwater flows continues to pollute Florida Bay and associated 
marine waters. 
O. Management Implications 
The results of this study suggest that domestic wastewaters as new 
sources of Nand P are degrading the integrity of the Florida Reef Tract. 
Strategies that are aimed at reducing nutrient loads to nearshore waters will 
have the greatest effect. Because the Keys do not have a central sewage 
facility, clean-up strategies b y chemical removal Via 
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flocculation/sedimentation for P and denitrification systems for N are not 
feasible on a large scale. The most cost effective method for individual 
sewage treatment could be biological treatment ponds where Nand P 
removal is achieved along with water reclamation. Currently, Monroe 
County has an ordinance that bans high phosphorus cleaning agents, an 
action that could significantly reduce P inputs at its source, but does nothing 
for N buildup. 
It is the general consensus of scientists that have worked in the Keys 
that the reefs have been stressed beyond the point of recovery. Therefore, I 
urge managers within other countries that cherish their coral reefs to take 
heed and apply the best available tertiary treatment facilities for domestic 
wastewater, and ban the use of high phosphate and nitrate detergents. 
Agricultural industries should be forced to minimize top soil loss as well as 
reclaim and treat their waste water through a variety of biological treatment 
methods. 
VI. CONCLUSIONS 
My findings showed that algal tissue and seawater analysis within 
coral reef areas undergoing eutrophication are not enough to fully describe 
the ecosystem nutrient dynamics leading to macro algal dominance. 
Macroalgal tissue data indicated varying degrees of P-limitation between the 
Florida Keys and the Bahamas. but did not document significant differences 
among species, sites, and habitats, as did APA. Correlation analysis of APA 
and tissue N:P was significant, indicating that genera growing in carbonate-
rich, coral reef environments undergoing N -enrichment will increase AP A 
and P conservation. These results indicate that tissue ratios by themselves 
are not as sensitive an indicator to N buildup as is APA. Macroalgae were 
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shown to respond to N availability by producing APA when SRP was not 
available to allow balanced growth. In fact, these findings showed that sole 
measurements of C:N:P data alone were inadequate indicators of nutrient 
enrichment due most likely to other environmental factors (most notably, 
light) that regulate growth of marine macroalgae in eutrophic waters. For 
future studies, additional insight might be drawn from measurement of the 
fractional and total nutrient pools within the water column in conjunction 
with macro algal APA and tissue N:P. Likewise, in areas where macro algae 
are being replaced by phytoplankton due to excessive nutrient loads and 
hypereutrophication (e.g. Florida Bay), these parameters as well as light 
attenuation factors and P vs. I curves may be essential in assessing the 
ecosystem productivity. 
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VII. FIGURES AND TABLES 
Figure SA. Site averages of overall APA of marine macroalgae collected 
along a eutrophication gradient in the Florida Keys. Pine Channel was 
significantly higher in APA than all other sites (F= 6.03, p= 0.001). 
Figure SB. Average AP A of macroalgae collected from reef and 
nearshore habitats. There were no significant differences. 
Figure se. Average APA of marine macroalgae collected from Looe 
Key of the Florida Keys on two sampling days (7-3-92 and 7-28-92). 
Chaetomorpha gracilis was significantly higher in A~A than all other 
algae, whereas Caulerpa sertularioides was significantly lower than 
Dictyota linearis and Dictyota dichotoma. Dictyota dichotoma was 
significantly higher than Laurencia poiteaui collected on 7-23-92 (F= 
103.53, p<O.OOl). 
Figure SD. Average AP A of marine macro algae collected from Munson 
Island Patch Reef of the Florida Keys on two sampling days (7-3-92 and 7-
28-92). Dictyota linearis was significantly higher in APA than all other 
algae, whereas Euchuma isoforme was significantly lower than Laurencia 
poiteaui and Ceramium sp. from the sampling day of 7-3-92. Dictyota 
dichotoma was significantly lower in AP A than Laurencia poiteaui 
collected on 7-3-92 (F= 19.87, p<O.OOI). 
Figure SE. Average APA of marine macroalgae collected from Pine 
Channel of the Florida Keys on two sampling days (7-3-92 and 7-28-92). 
Both Laurencia intricata and Laurencia sp. were significantly lower in 
APA than Dictyota cervicornis however, Laurencia sp. was also 
significantly lower than Wrightiella blodgetti with (F=5.04, p=O.OlO). 
Figure SF. Average APA of marine macroalgae collected from Port 
Pine Heights Canal of the Florida Keys on two sampling days (7-3-92 and 
7-28-92). Chaetomorpha linum was significantly higher in APA than all 
other algae and Anadyomene stellata and Laurencia intricata were 
significantly higher than Caulerpa sertularioides, Amphiroa fragilissima, 
and Chaetomorpha (F= 58.03, p<O.OOl). 
Figure 9A. Site averages of overall APA of marine macroalgae collected 
from the reef habitats within the Bahamas. The Patch Reef, San Salvador 
and Hogsty Reef had significantly higher APA on average than macroalgae 
collected from the patch reefs at the Wall and White Cay, San Salvador 
(F=5.86, p<O.OOl). 
Figure 9B. Site averages of overall AP A of marine macroalgae collected 
from the nearshore environments within the Bahamas. Cat Island was 
significantly higher than all other sites whereas, Crooked Island wa<; 
significantly higher than Spanish Wells (F= 41.51, p<O.OOl). 
Figure 9C. Average AP A of macroalgae collectec;l from reef and 
nearshore habitats of the Bahamas. Reef macro algal APA was significantly 
lower than nearshore macroalgal APA (F=73.7 , p<O.OOl). 
Figure 9D. Average APA of control and phosphorus enriched marine 
macro algae collected from Hawks Nest Creek, Cat Island in the Bahamas. 
Testing morphological differences using one-way ANOV A revealed that 
Laurencia intricata (light) had significantly higher activities than all other 
morph types and Laurencia papillosa (light) was significantly higher in 
APA than Laurencia papillosa (dark) (F=18.1O, p<O.OOI) . Three of the 
species were also significantly affected by phosphorus enrichment; 
Laurencia papillosa (light) (F=16.18, p=O.002), Laurencia intricata (light) 
(F=66.98, p<O.OOl), and and Laurencia papillosa (dark) (F=136.49, 
p<O.OOI). 
Figure 9E. Average APA of control and phosphorus enriched marine 
macroalgae collected from Turtle Bight, Crooked Island in the Bahamas. 
One-way ANOV A among the controls revealed that Siphonocladis rigidis 
was significantly lower in AP A than all of the other species at this site 
although none responded significantly to phosphorus enrichment. 
Figure 9F. Average APA of control and phosphorus enriched marine 
macroalgae collected from Sweeting Cay in the Bahamas. One-way 
ANOV A indicated that there were no significant treatment effects, but that 
Laurencia poiteaui had a significantly higher APA than Sargassum hystrix 
(F=5.14, p=O.008). 
Figure 9G. Average APA of control and phosphorus enriched marine 
macro algae collected from White Cay, San Salvador in the Bahamas. One-
way ANOV A with 95% confidence revealed that Sargassum polyceratium 
and Dictyota bartayresii were both significantly higher in APA than 
Codium taylori and Lobophora variegata (F= 7.64, p= 0.001). Sargassum 
polyceratium was significantly reduced when given phosphorus enrichment 
( F=24.42, p<O.OOl). 
Figure 9H. Average AP A of control and phosphorus enriched marine 
macroalgae collected from Abrahams Bay, Mayaguana in the Bahamas. 
Lobophora variegata was significantly lower in APA than Stypopodium 
zonale and Laurencia obtusa (F=6.1O, p=0.004). Stypopodium zonale was 
significantly reduced with P enrichment (F=9.60, p=O.Oll) as was 
Laurencia obtusa (F=25.04, p<O.OOl) and Lobophora variegata (F=19.20, 
p=O.OOl). 
Figure 91. Average APA of control and phosphorus enriched marine 
macroalgae collected from Great Lake, Little San Salvador in the Bahamas. 
One-way ANOV A indicated that there were no significant treatment 
effects, but that Dictyota divaricata was significantly higher in AP A than 
Sargassum hystrix (F=3.80, p=0.026). 
Figure 9J. Average APA of control and phosphorus enriched marine 
macroalgae collected from Spanish Wells in the Bahamas. The average 
APA of Dictyosphaeria cavernosa was significantly lower than those of the 
other species tested with(F=5.27, p=0.008). Cladophoropsis macromeres 
was significantly reduced with the addition of phosphorus (F=8.51, 
p=0.015) as was Padina vickersiae (F=1O.23, p=O.OlO), however Dictyota 
divaricata's APA was significantly increased due to P enrichment with 
(F=7.81, p=0.019). 
Figure 9K. Average APA of control and phosphorus enriched marine 
macroalgae collected from Hogsty Reef in the Bahamas. None of the 
control species were significantly different from each other although 
Trichogloeopsis pedicellata was significantly reduced with phosphorus 
enrichment (F=28.43, p<O.OOI). 
Figure 9L. Average APA of control and phosphorus enriched marine 
macroalgae collected from The Patch Reef, San Salvador in the Bahamas. 
Dictyota divaricata was significantly higher in AP A than Turbinaria 
turbinata (F=5.74, p=0.002). None of the species were affected by 
phosphorus enrichment. 
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Figure 9M. Average APA of control and phosphorus enriched marine 
macroalgae collected from The Wall, San Salvador in the Bahamas. 
ANOVA revealed that the overall means of APA of the macro algae 
collected from this site were not significantly different from each other nor 
significantly affected by phosphorus enrichment. 
Figure 10. Overall comparisons of reef and nearshore macroalgae 
sampled from the Florida Keys and the Bahamas. The Florida Key reef 
algae had APA over 2.5-fold higher than algae collected from the Bahamas 
(F=64.17, p<O.OOl). The nearshore macro algae from the Florida Keys 
were 1.4-fold higher than those collected in the Bahamas (F=10.93, 
p=O.OOl). However, reef environments in the Floridll Keys were not 
significantly different from the nearshore environments of the Bahamas. 
Figure 11. Combined genera correlation of enzymatic APA and 
Nitrogen to Phosphorus (N:P) ratios of macroalgae sampled in the Florida 
Keys and the Bahamas with significance of p<O.OOl, F=28 .83, r=0.625 and 
48 degrees of freedom. 
Figure 12. Correlation statistic on species of Laurencia sampled in the 
Florida Keys and the Bahamas demonstrating the significant relationship 
between enzymatic APA and Nitrogen to Phosphorus (N:P) ratios 
(F=1O.73, p=0.006, r=0.672). 
Figure 13. Water column turbidities within the Florida Keys transect 
were not significantly different among sites. 
Figure 14. Water column total nitrogen concentrations reduced 
significantly with distance from canal source waters with p<O.OOI and 
F=93.05. 
Figure 15. Water column total phosphorus concentrations were 
significantly higher in canal source waters of Port Pine Heights than other 
sites with p<O.OOI and F=17.43. 
Figure 16. Water column nitrogen to phosphorus ratios were 
significantly higher in waters of Pine Channel than other sites with p<O.OOl 
and F=7.81. 
Figures 17 A -F. Nutrient enrichment treatment comparisons over a 48 
hour sampling period for Laurencia poiteaui. Treatments were not 
significantly different at any level. 
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Figures 18 A-F. Nutrient enrichment treatment comparisons over a 48 
hour sampling period for Padina virginica. Treatments were not 
significantly different at any level. 
Figure 19. Diel distribution of macroalgal AP A production of Laurencia 
poiteaui taken from the control treatment aquaria. Significant differences 
were noted with p=O.043, F=2.19 and 49 degrees of freedom; lowest values 
occurred at night and highest values occurred during the afternoon. 
Figure 20. Diel distribution of macroalgal AP A production of Padina 
virginica taken from the control treatment aquaria. Significant differences 
were noted with p<O.OOI, F=5.11 and 49 degrees of freedom; lowest values 
occurred at night and highest values occurred at noon. . 
Figure 21. Graphical representation of water column nutrient 
concentrations sampled from the nearshore and reef environment of the 
Florida Keys and the Bahamas. 
Figure 22A. Average AP A of marine macro algae collected from Looe 
Key 7- 28-92 comparing control and a phosphorus enrichment treatment. 
One way ANOV A with 95% confidence revealed that although Dictyota 
dichotoma was significantly different from Laurencia poiteaui neither were 
significantly reduced using phosphorus enrichment. 
Figure 22B. Average APA of marine macroalgae collected from 
Munson Island Patch Reef 7-28-92 comparing control and a phosphorus 
enrichment treatment. One way ANOV A revealed that neither Dictyota 
dichotoma nor Laurencia poiteaui were significantly reduced by the 
phosphorus treatment. 
Figure 22C. Average APA of marine macro algae collected from Pine 
Channel 7-28-92 comparing control and a phosphorus enrichment 
treatment. One way ANOV A revealed that neither Dictyota sp. nor 
Laurencia sp. were significantly reduced by the phosphorus treatment. 
Figure 22D. Average APA of marine macroalgae collected from Port 
Pine Heights Canal 7-28-92 comparing control and a phosphorus 
enrichment treatment. One way ANOV A revealed that neither 
Chaetomorpha gracilis nor Laurencia intricata responded significantly to 
the phosphorus treatment although note that both macroalgae responded 
opposite to other sites by increasing APA (insignificantly) with P 
enrichment. 
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Table 5. Average macroalgal AP A and tissue carbon, nitrogen, and 
phosphorus composition and ratios of species collected from the Florida 
Keys. 
Table 6. Average reef macro algal APA and tissue carbon, nitrogen and 
phosphorus composition and ratios of species collected from the Bahamas. 
Table 7. Average nearshore macroalgal APA and tissue carbon, nitrogen 
and phosphorus composition and ratios of species collected from the 
Bahamas. 
Table 8. Overall APA and tissue composition averages of macroalgae 
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Table 5. 
Average Macroalgal APA and Tissue Carbon, Nitrogen and Phosphorus Composition and Ratios of Species Collected from the Florida Keys 
Location Genera Assayed APA P Treatment %C %N %P CN C:P N:P 
Looe Key 
Chaetomorpha gracilis 99.34 ± 8.26 
Laurencia poiteaui 21.09±6.61 
Caulerpa sertularioides 8.75 ± 4.27 
Dictyota linearis 27.85 ± 5.20 
Dictyota dichotoma 35.92 ± 4.60 32.48 ± 7.63 20.44 0.76 0.0329 3 I 1602 51 
Laurencia poiteaui 16.6±3.12 13.74 ± 1.80 17.64 0.93 0.0523 22 870 39 
Average 34.92 ± 31.26 19.04 ± 1.98 0.85 ± 0.12 0.043 ± 0.014 27 ± 6 1236 ± 518 45 ± 8 
Munson Island 
Laurencia poiteaui 50.65 ± 7.44 
Dictyota linearis 79.99 ± 20.53 
Euchuma isoforme 9.29 ± 1.64 
Ceramium sp. 46.33 ± 4.11 
()) Dictyota dichotoma 21.04 ± 1.64 19.42 ± 3.13 21.85 0.86 0.024 30 2348 79 
CX> Laurencia poiteaui 34.98 ± 7.76 35.04 ± 4.30 20.7 1.07 0.0209 23 2554 113 
Average 40.38 ± 24.68 21.28 ± 0.81 0.97 ± 0.15 0.023 ± 0.002 27 ± 5 2451 ± 146 96 ± 24 
Pine Channel 
Laurencia intricata 38.16 ± 12.88 
Laurencia papillosa 69.17±34.19 
Dictyota cervicornis 84.72 ± 7.35 
Wrightiella blodgetti 80.61 ± 12.60 
Dictyota sp. 74.62 ± 13.39 75.86 ± 12.86 16.78 0.71 0.02 28 2164 79 
Laurencia sp. 33.82 ± 1.43 27.86 ± 4.31 18.57 1.04 0.0202 . 21 2371 114 
Average 63.52 ± 25.12 17.68 ± 1.27 0.88 ± 0.23 0.020 ± 0.000 25 ± 5 2268 ± 146 97 ± 25 
Port Pine Heights 
Anadyomene steiLata 41.44±4.18 
Caulerpa sertularioides 16.45 ± 5.53 
Amphiroa fragilissima II.OS ±2.21 
Chaetornorpha linurn 62.60±5.15 
Chaetornorpha gracilis 13.11±6.00 21.6S±4.21 24.75 1.54 0.035 19 IS24 97 
Laurencia intricata 36.94 ± 3.59 43.08 ± 8.45 23.63 1.21 0.0231 23 2638 116 
Average 30.27 ± 19.49 24.19 ± 0.79 1.38 ± 0.23 0.029 ± 0.008 21 ±3 2231 ± 576 IIY7 ± 13 
Table 6. 
Average Reef Macroalgal APA and Tissue Carbon, Nitrogen and Phosphorus Composition and Ratios of Species Collected from the Bahamas 
Location Species APA P Treatment %C %N %p C:N C:P N:P 
The Wall, San Salvador 
Microdictyon marintlm 17.43 ± 6,05 15.12 ± 4.26 14.29 0.62 0.0248 27 1486 55 
Lobophora variegata 9.39 ± 2.56 10.87 ± 9.56 20.66 0.55 0.0236 44 2258 52 
Sargassum hystrix 13.27 ± 6.32 9.67 ± 7.69 20.15 0.9 0.0268 26 1939 74 
Average 13.36 ± 5.99 IS.37 ± 3.54 0.69 ± 0.19 0.0251 ± 0.002 32 ± 10 IS94 ± 388 60 ± 12 
Patch Reef, San Salvador 
Turbinaria turhinata 5.93 ± 2.09 6.34 ± 1.16 24.52 0.68 0.0289 42 2188 52 
Dictyota [angieruris 14.59 ± 9.34 6.75 ± 2.66 18.34 0.9 0.0418 24 1131 48 
Laurencia gemifera 18.94 ± 5.50 12.95 ± 7.73 18.34 1.0 I 0.0266 21 1778 84 
Cladophoropsis macrom( 14.39 ± 8.29 12.45 ± 3.40 26.93 0.54 0.039 58 1781 31 
Dictyota divaricata 28.46 ± 12.68 33.69 ± 10.28 21.87 0.89 0.11322 29 1751 61 
Average 16.46 ± 10.78 22 ± 3.79 0.80 ± 0.19 0.0337 ± 0.007 35 ± 15 1726 ± 379 55 ± 19 
White Cay, San Salvador 
(J) Codium taylori 5.35 ± 1.39 3.81 ± 1.94 13.99 1.06 0.087 15 415 27 (0 
Sargassum polyceratium 15.02 ± 3.62 7.13±1.47 25.19 0.66 0.0774 45 839 19 
Dictyota bartayresii 15.54±7.39 9.64 ± 3.54 2318 1.25 0.0671 22 891 41 
Lobophora variegata 7.31 ±4.06 4.57 ± 1.12 32.57 1.07 0.0515 35 1631 46 
Average 10.80 ± 6.34 23.73 ± 7.65 1.01 ± 0.25 0.Q70S ± 0.015 29 ± 13 944 ± 505 33 ± 12 
Abrahams Bay, Mayaguana 
Stypopodium zona Ie 19.84±6.86 9.81 ± 3.99 30.53 1.35 0.0449 26 1753 66 
Laurencia obtusa 17.2±2.19 10.41 I2.50 15.42 1.35 0.0448 13 888 67 
Dictyota dichotoma 13.48 ± 3.97 12.87 ± 2.57 20.18 0.83 0.0435 28 1196 42 
Lobophora variegata 10.15±1.79 6.46 ± 1.02 25.85 1.2 0.0582 25 1145 46 
Average 15.17 ± 5.43 23 ± 6.59 1.18 ± 0.25 0.0479 ± 0.007 23±7 1246 ± 364 55 ± 13 
Hogsty Reef 
Trichogloeopsis pediceli< 20.11 ±5.12 8.31 ± 1.77 I I. J3 0.44 0.0202 29 1421 48 
Stypopodium zonale 16.24 ± 4.54 21.09 ± 12.1 j 29.8 1.31 0.0549 27 1400 53 
Dictyota divaricata 15.33 ± 1.88 13.24 ± 5.46 22.25 0.98 0.0544 26 1055 40 
Dictyota mantens 20.1 ±989 10.32 ± 4.08 22.17 0.97 0.043 27 1330 50 
Average 17.95 ± 6.03 21.34 ± 7.69 0.93 ± 0.36 0.0431 ± 0.016 27 ±1 1302 ± 169 48±6 
Table 7. 
Average Nearshore Macroalgal APA and Tissue Carbon, Nitrogen and Phosphorus Composition and Ratios of Species Collected from the Bahamas 
Location Species APA P Treatment %e 
Sweeting Cay 
%N %P CN C:P N:P 
Laurencia obtusa 25.86 ± 5.75 20.98 ± 2.07 16.48 0.94 0.0257 20 1654 81 Laurencia intricata 27.51 ±6.71 19.5 ± 6.65 15.49 1.06 0.0333 17 1200 70 Laurencia poiteaui 37.24 ± 14.04 33.55 ± 4.0 I 13.92 0.63 0.0183 26 1962 76 5argassum hystrix 17.68 ± 5.06 16.47±5.11 25.35 0.91 0.09 32 726 22 
Average 27,07 ± 10.76 17.81 ± 5.14 0.885 ± 0.18 0.0418 ± 0.033 24 ± 7 1386 ± 540 62±27 Hawks Nest Creek, Little San Salvador 
Sargassum hystrix 14.14 ± 3.60 11.26 ± 1.01 22.66 0.98 0.0921 27 634 24 Laurencia papil10sa 17.63 ± 13.85 12.83 ± 4.77 20.8 1.38 0.0259 18 2071 118 Dictyota divaricata 30.39 ± 8.73 27.14 ± 4.27 25.55 I 0.0312 30 2112 71 Cladophoropsis macroml 21.77 ± 5.35 20.61 ± 5.60 2428 1.58 0.0246 18 2545 142 
Average 20.98 ± 10.28 0.00 23.32 ± 2.06 1.235 ± 0.30 0.0435 ± 0.033 23±6 1841 ± 832 89 ±52 Cat Island 
-..j L. papilLasa (light) 67.11 ± 15.34 40.68 ± 4.87 22.26 1.2 0.0275 22 2087 96 0 L. intricata (light) 91.65 ± 11.88 43.56±8.12 22.16 I 16 0.0146 22 3914 176 L. papilLasa (dark) 46.3 ± 2.44 26.52 ± 3.36 23.53 1.29 0.0158 21 3840 181 L. intricata (dark) 49.88 ± 13.65 40.33 ± 7.07 24.22 1.49 0.0232 19 2692 142 
Average 63.73 ± 21.43 23.04 ± 1.00 1.285 ± 0.15 0.0203 ± 0.006 21 ± I 3133 ± 894 149 ± 39 Turtle Bight, Crooked Island 
Spyridia fiLamentosa 40.52 ± 4.23 36.41 ± 9.68 14.09 107 0.0216 15 1682 110 Laurencia intricata 38.31 ±7.54 31.24 ± 3.52 19.05 1.31 0.0246 17 1997 118 Siphonocladus rigidus 13.6 ± 6.48 15.29 ± 3.34 18.86 0.71 0.0129 31 3770 122 
Laurencia intricata 33.5 ± 6.43 40.10±5.80 27.78 1.77 18 
Average 31.48 ± 12.34 19.95 ± 5.71 1.215 ± 0.44 0.0197 ± 0.006 20 ± 7 2483 ± 1126 117±6 Spanish Wells 
Cladapharopsis membral 24.22 ± 6.70 14.86±4.11 18.49 0.99 00395 22 1207 55 Dictyota divaricala 22.69 ± 12.46 37.46 ± 3.48 21.63 1.05 0.0292 24 1910 80 
Padina vickersiae 23.44 ± 8.39 7.80 ± 8.55 16.06 0.48 0.0148 39 2798 72 
Dictyosphaeria cavernos, 7.59 ± 4.26 8.77 ± 3.i8 15.33 0.76 0.0253 24 1563 66 











Overall APA and Tissue Composition Averages of Macroalgae Collected From 
Reef and Nearshore Environments of the Florida Keys and the Bahamas 
APA P Treatment %C %N %P 
37.65 ± 27.90 20.16 ± 1.79 0.905 ±0.13 0.0325 ± 0.014 
46.89 ± 27.84 20.933.86 1.125 ±0.35 0.0246 ± 0.007 
14.9 ± 7.76 21.87 ± 5.72 0.928 ± 0.28 0.0445 ± 0.018 
32.55 ± 21.13 20.4±4.18 1.088 ± 0.32 0031 1 ± 0.022 
CN C:P N:P 
27 ± 5 1844±767 71 ± 33 
23 ±4 2249 ± 345 102 ± 17 
29 ± II 1414±479 50 ± 16 
23 ± 6 2124 ± 958 96 ± 45 
Table 9. 
Water Quality Analysis of the Florida Keys and the Bahamas 
Location Site Turbidit~ TN TP N:P Salinit~ 
Florida Keys 
Looe Key 0 .39 ± 0.18 7 ± 2 0 .109 ± 0.04 83 ± 53 36 ± 0.6 
Munson Island 0.64 ± 0.44 14 ± 4 0 .177 ± 0.06 88 ± 36 37 ± 1.3 
Pine Channel 0.46 ± 0.14 23 ± 4 0.168 ± 0.05 147 ± 40 35 ± 2.1 
Port Pine Heights 0.69 ± 0.36 31 ± 5 0.435 ± 0.11 73 ± 10 35 ± 2.2 
Bahamas 
The Wall. San Salvador 0.12 ± 0.08 7 ± 3 0 .213 ± 0.02 33 ± 11 36 ± 2.8 
Patch Reef , San Salvador 0.15 ± 0 .05 12 ± 8 0.125 ± 0.02 96 ± 47 34 ± 7.1 
White Cay, San Salvador 4.80 ± 6.58 9 ± 0.1 0.170 ± 0.06 55 ± 19 34 ± 7.1 
Mayaguana 0.13 ± 0.01 9 ± 3 0.210 ± 0.11 44 ± 9 39 ± 0.0 
Hogsty Reef 0.16 ± 0.04 7 ± 2 0.135 ± 0.08 57 ± 16 35 ± 4.6 
Sweeting Cay 0.18 ± 0.04 11 ± 2 0.120 ± 0.03 94 ± 38 36 ± 0.8 
Little San Salvador 0.22 ± 0.02 8 ± 3 0.135 ± 0.02 64 ± 30 28 ± 13 .1 
Cat Island 0 .46 ± 0.50 12 ± 7 0.227 ± 0.04 59 ± 44 35 ± 5.8 
Crooked Island 1.36 ± 1.28 25 ± 13 0.360 ± 0.23 88 ± 61 31 ± 6.1 
Spanish Wells 1.80 ± 0.42 15 ± 2 0.310 ± 0.014 50 ± 8 35 ± 5.7 
Florida Keys 
Reef Average 0.52 ± 0.35 11 ± 5 0.143 ± 0.06 85 ± 44 36 ± 1.0 
Nearshore Average 0.58 ± 0.29 27 ± 6 0 .302 ± 0.16 110 ± 47 35 2.1 
Overall Average 0.55 ± 0.32 19 ± 10 0.222 ± 0.14 98 ± 47 35 ± 1.8 
Bahamas 
Reef Average 0.98 ± 2.81 9 ± 4 0 .175 ± 0.06 54 ± 29 35 ± 4.1 
Nearshore Average 0.85 ± 0.96 15 ± 9 0.241 ± 0.15 75 ± 42 33 ± 6.2 
Overall Average 0.91 ± 1.92 12 ± 8 0 .212 ± 0.12 65 ± 38 34 ± 5.4 
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APPENDIX 
Outline for Statistics Tables 
I. Macroalgal Alkaline Phosphatase Analysis 
A. Florida Keys Page 
a. Looe Key 1 
b. Munson Island 2 
c. Pine Channel 3 
d. Port Pine Heights 4 
e. All Sites Combined 5 
f. Reef vs Nearshore 6 
g. Comparisons of same species among sites. 
h. Control vs P-Spike 
7 
1. Looe Key 9 
2. Munson Island 10 
3. Pine Channel 11 
4. Port Pine Heights 12 
B. Bahamas 
a. Sweeting Cay 13 
b. Great Lake, Little San Salvador 14 
c. Hawks Nest Creek, Cat Island 15 
d. The Wall, San Salvador 16 
e. The Patch Reef, San Salvador 17 
f. White Cay, San Salvador 18 
g. Abrahams Bay, Mayaguana 19 
h. Turtle Bight, Crooked Island 20 
1. Hogsty Reef 21 
J. Spanish Wells 22 
k. All Sites Combined Comparison 23 
1. Reef and Nearshore Comparisons 25 
1. Treatment effects per site 26 
m. Comparisons of same species among sites 36 
n. Reef and Nearshore Environmental Comparisons 42 
c. Florida Keys vs. Bahamas 
a. All Sites Combined 43 
b. Reef vs. Nearshore 45 
II. Diel and N:P Incubation Study 
a. Padina 4 hours 
b. Laurencia 4 hours 
c. Padina 8 hours 
d. Laurencia 8 hours 
e. Padina 20 hours 
f. Laurencia 20 hours 
g. Padina 24 hours 
h. Laurencia 24 hours 
i. Padina 44 hours 
j. Laurecia 44 hours 
k. Padina 48 hours 
l. Laurencia 48 hours 
ffi. Diel Survey Padina 















III. Tissue Analysis 
A. Florida Keys 
a. % Carbon 63 
b. % Nitrogen 64 
c. % Phosphorus 65 
d. C:N 66 
e. C:P 67 
f. N:P 68 
B. Florida Keys Reef vs. Nearshore 
a. % C, % N, % P 69 
b. C:N, C:P, N:P 70 
C. Bahamas Reef Environment 
a. % Carbon 71 
b. % Nitrogen 72 
c. % Phosphorus 73 
d. C:N 74 
e. C:P 75 
f. N:P 76 
D. Bahamas Nearshore Environment 
a. % Carbon 77 
b. % Nitrogen 78 
c. % Phosphorus 79 
d. C:N 80 
e. C:P 81 
f. N:P 82 
E. Bahamas All 
a. % Carbon 83 
b. % Nitrogen 85 
c. % Phosphorus 87 
d. C:N 89 
e. C:P 91 
f. N:P 93 
F. Bahama Reef vs. Nearshore 
a. % C, % N, % P 95 
b. C:N, C:P, N:P 96 







a. % Carbon 
b. % Nitrogen 




VI. Water Sample Analysis 
A. All Sites: Florida Keys and the Bahamas 
a. Total Nitrogen 
b. Total Phosphorus 
c. N:P Ratio 
d. Turbidity 
e. Salinity 
B. Reef versus Nearshore: 
a. Turbidity 
b. Total Nitrogen 
c. Total Phosphorus 













C. Reef and Nearshore Combined: Florida Keys and the 
Bahamas 
a. Turbidity 112 
b. Total Nitrogen 112 
c. Total Phosphorus 112 
d. N:P Ratio 112 
e. Salinity 113 
Looe Key REEl 
ANALYSIS OF VARIANCE ON ALKALINE PHOSPHATASE ACTIVITY 
SOURCE DF SS MS F P 
SPECIES 5 16238.6 3247.7 103.53 0.000 
ERROR 12 376.4 31.4 








POOLED STDEV = 5.60 








Family error rate = 0.0500 
Individual error rate = 0.00569 















Intervals for (column level mean) - (row level mean) 
1 2 3 
2 62.89 
93.61 
3 75.23 -3.02 
105.95 27.70 
4 56.13 -22.12 -34.46 
86.85 8.60 -3.74 
17 48.06 -30.19 -42.53 
78.78 0.54 -11.81 
18 67.38 -10.87 -23.21 
98.10 19.85 7.51 
1 
INDIVIDUAL 95 PCT CI'S FOR 
MEAN BASED ON POOLED 
STDEV 














Munson Island REEl 
ANALYSIS OF VARIANCE ON ALKALINE PHOSPHATASE ACTIVITY 
SOURCE DF SS MS F P 
SPECIES 5 9239.3 1847.9 19.87 0.000 
ERROR 12 1116.0 93.0 
TOTAL 17 10355.3 
INDIVIDUAL 95 PCT CI'S FOR MEAN 
Genera sllecies N MEAN 
Laurencia poiteaui 3 50.656 
Dictyota linearis 3 79.990 
Euchuma isoforme 3 9.287 
Ceramium sp. 3 46.326 
Dictyota dichotoma 3 21.043 
Laurencia poiteaui 3 34.980 
POOLED STDEV = 9.644 
Tukey's pairwise comparisons 
Family error rate'" 0.0500 
Individual error rate = 0.00569 








BASED ON POOLED STDEV 







-+---- --- --+---------+--- ------+--- --
o 30 60 90 
Intervals for (column level mean) - (row level mean) 
5 6 7 8 21 
6 -55.78 
-2.89 
7 14.92 44.26 
67.82 97.15 
8 -22.12 7.22 -63.49 
30.78 60.11 -10.59 
21 3. 17 32.50 -38.20 -1.16 
56.06 85.39 14.69 51.73 
22 -10.77 18.56 -52.14 -15.10 -40.38 
42.12 7l.46 0.75 37.79 12.51 
Pine Channel NEARSHORE 
ANALYSIS OF VARIANCE ON ALKALINE PHOSPHATASE ACTIVITY 
SOURCE DF SS MS F P 
SPECIES 5 7267 1453 5.04 0.010 
ERROR 12 3458 288 
TOTAL 17 10725 
Genera species N MEAN 
Laurencia intricata 3 38.16 
Laurencia papillosa 3 69.17 
Dictyota cervicornis 3 84.72 
Wrightiella b10dgetti 3 80.61 
Dictyota sp. 3 74.62 
Laurencia sp. 3 33.82 
POOLED STDEV = 16.98 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.00569 








INDIVIDUAL 95 PCT CI'S FOR MEAN 
BASED ON POOLED STDEV 







---- --+----- ----+----- -- --+---- -----+ 
30 60 90 120 
Intervals for (column level mean) - (row level mean) 
9 10 11 12 25 
10 -77.56 
15.54 
11 -93.12 -62.1 1 
-0.01 31.00 
12 -89.00 -58.00 -42.44 
4.10 35.11 50.66 
25 -83.01 -52.00 -36.45 -40.56 
10.10 41.11 56.66 52.55 
26 -42.21 -11.20 4.35 0.24 -5.75 
50.90 81.91 97.46 93.35 87.35 
3 
Port Pine Heights Cannal NEARSHORE 
ANALYSIS OF VARIANCE ON ALKALINE PHOSPHATASE ACTIVITY 
SOURCE DF SS MS F P 
SPECIES 5 6204.2 1240.8 58.03 0.000 
ERROR 12 256.6 21.4 








POOLED STDEV = 4.624 








Family error rate = 0.0500 
Individual error rate = 0.00569 
Critical value = 4.75 
INDIVIDUAL 95 PCf CI'S FOR MEAN 









20 40 60 
Intervals for (column level mean) - (row level mean) 
13 14 15 16 29 
14 12.31 
37.67 
15 17.68 -7.31 
43.04 18.06 
16 -33.84 -58.83 -64.20 
-8.48 -33.47 -38.84 
29 15.65 -9.34 -14.72 36.81 
41.01 16.02 10.65 62.17 
30 -8.18 -33.16 -38.54 12.99 -36.50 
17.19 -7.80 -13.17 38.35 -1 1.14 




















INDIVIDUAL 95 PCT CI'S FOR MEAN 
BASED ON POOLED STDEV 
SITE N MEAN STDEV -------- -+------- --+-- -------+-------
Looe Key 18 34.92 
Munson Island 18 40.38 
Pine Channel 18 63.52 
P.P. Heights 18 30.27 
POOLED STDEV = 25.48 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.0104 










32 48 64 




3 -50.94 -45.48 
-6.25 -0.79 
4 -17.69 -12.23 10.90 
27.00 32.45 55.59 
5 






























INDIVIDUAL 95 PCT CI'S FOR MEAN 





32.0 40.0 48.0 56.0 
6 





Site of Collection N 
Looe Key 3 
P. P. Heights Canal 3 
































Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.0126 

















Intervals for (column level mean) - (row level mean) 
2 5 18 
5 -46.56 
-12.56 
18 -12.51 17.06 
21.50 51.06 
22 -30.89 -1.33 -35.38 
3.11 32.68 -1.38 
note 2 Laurencia poiteaui Looe Key 
note 5 Laurencia poiteaui Munson Island Patch Reef 
note 18 Laurencia poiteaui Looe Key 









INDIVIDUAL 95 PCT CI'S FOR 
MEAN BASED ON POOLED 
STDEV 
----- --- --+- ------ --+------ ---+--- ---
(---*---) 
(--*---) 
- --- ----- -+- -- --- -- -+- --- -- -- -+- -- ---








INDIVIDUAL 95 PCT CI'S FOR 
MEAN BASED ON POOLED 
STDEV 





-----+- ---- ----+-- -- --- --+--- ----- -+-







Site of Collection N 
Looe Key 3 
P.P. Heights Canal 3 









































































INDIVIDUAL 95 PCT CI'S FOR 














II';'DIVIDUAL 95 PCT CI'S FOR 





----------r---------+-- --- -- --+-- -- ---








INDIVIDUAL 95 PCT CI'S FOR 






16.0 24.0 32.0 40.0 
ANOVA Comparisons Between Control and P-Spike Treatment of 7/28/92 
Looe Key REEF 
Dictyota dichotoma 
ANALYSIS OF VARIANCE ON C5 
SOURCE DF SS 
TREAT 1 17.7 
ERROR 4 158.5 




















































INDIVIDUAL 95 PCT CI'S FOR 





_--______ -r _________ -r _________ -r ______ _ 
F 
1.89 
28.0 35.0 42.0 
P 
0.242 
INDIVIDUAL 95 PCT CI'S FOR 





---- --- --r- -- ----- --r-- ---- ----r--- -----
12.0 15.0 18.0 
Munson Island REEF 
Dictyota dichotoma 
SOURCE DF SS MS F P 
TREAT 1 3.97 3.97 0.64 0.469 
ERROR 4 24.91 6.23 
TOTAL 5 28.89 
INDIVIDUAL 95 PCT CI'S FOR 
tvlEAN BASED ON POOLED 
STDEV 
TREA TtvlENT N tv1EAN STDEV ---- --- --+----- -- --+-------- -+-------
CONTROL 3 21.043 1.638 (------------*------------) 
P-SPIKE 3 19.415 3.126 (-------------*------------) 
--------+- ------ --+---- ---- -+---- ---
POOLED STDEV = 2.496 18.0 21.0 24.0 
Laurencia poiteaui 
SOURCE DF SS MS F P 
TREAT 1 0.0 0.0 0.00 0.991 
ERROR 4 157.4 39.3 
TOTAL 5 157.4 
INDIVIDUAL 95 PCT CI'S FOR 
tvlEAN BASED ON POOLED 
STDEV 
TREA TtvlENT N tv1EAN STDEV ---------+---------+---------+-------
CONTROL 3 34.980 7.758 (---------------*----------------) 
P-SPIKED 3 35.042 4.301 (---------------*----------------) 
- --- ---- -+-- -- -----+---------+-------


























































INDIVIDUAL 95 PCT CI'S FOR 
MEAN BASED ON POOLED 
STDEV 
---- --+- ---- ----+-- -------+--- ---- --+ 
(----------------*-----------------) 
(----------------*-----------------) 
----- -+-- -- -- -- -+----- ----+--- ------+ 
F 
5.16 
60 72 84 96 
P 
0.086 
INDIVIDUAL 95 PCT CI'S FOR 
MEAN BASED ON POOLED 
STDEV 




25.0 30.0 35.0 40.0 























































INDIVIDUAL 95 PCT CI'S FOR 






7.0 14.0 21.0 28.0 
MS F P 






INDIVIDUAL 95 PCT CI'S FOR 






32.0 40.0 48.0 
Oneway ANOV A Bahama Controls 
Dates 8/11/92-8/26/92 
Sweeting Cay NEARSHORE 
ANALYSIS OF VARIANCE ON ALKALINE PHOSPHATASE ACTIVITY 
SOURCE DF SS MS F P 
SPECIES 3 1159.9 386.6 5.14 0.008 
ERROR 20 1504.1 75.2 
TOTAL 23 2664.0 
lEVEL N 
Laurencia obtusa 6 
Laurencia intricata 6 
Laurencia poiteaui 6 
Sargassum hystrix 6 
POOLED STDEV = 8.672 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.0111 











Intervals for (column level mean) - (row level mean) 
33 34 35 
34 -15.67 
12.37 
35 -25.40 -23.76 
2.64 4.28 
36 -5.84 -4.20 5.54 
22.20 23.84 33.58 
1 3 
INDIVIDUAL 95 PCT CI'S FOR 
MEAN BASED ON POOlED 
STDEV 





--- -- ---- -+--- ---- --+------ ---+- -----
20 30 40 
Great Lake, Little San Salvador 
SOURCE DF SS 
SPECIES 3 882.8 
ERROR 20 1548.8 









INDIVIDUAL 95 PCT CI'S FOR 













Chladophoropsis macro meres 
POOLED STDEV = 8.800 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.0111 




----+--- --- -- -+---------+------ ---+--
10 20 30 40 
Intervals for (column level mean) - (row level mean) 
37 38 39 
38 -17.72 
10.73 
39 -30.48 -26.98 
-2.02 1.47 
40 -21.86 -18.36 -5.61 
6.59 10.09 22.84 
1 4 






L. papillosa (light) 
L. intricata (light) 
L. papillosa (dark) 
L. intricata (dark) 












Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.0111 









Intervals for (column level mean) - (row level mean) 
41 42 43 
42 -43.82 
-5.27 
43 1.53 26.08 
40.09 64.63 
44 -2.05 22.49 -22.86 







INDIVIDUAL 95 PCf CI'S FOR 







--+---- -----+---- -- ---+---------+----
40 . 60 80 100 


























INDIVIDUAL 95 PCT CI'S FOR MEAN 









-+- --- -- ---+- -- -- --- -+------- --+-----
















Cladophoropsis macro meres 
Dictyota divaricata 
POOLED STDEV = 8.382 











Family error rate = 0.0500 
Individual error rate = 0.00706 










Intervals for (column level mean) - (row level mean) 
47 48 50 
48 -22.87 
5.54 
50 -27.22 -18.55 
1.19 9.85 
51 -22.66 -13.99 -9.64 
5.75 14.41 18.76 
52 -36.73 -28.06 -23.71 
-8.32 0.34 4.69 
note 47 Turbinaria turbinata 
note 48 Dictyota longicruris 
note 50 Laurencia gemmifera 
note 51 Cladophoropsis macro meres 







INDIVIDUAL 95 PCT CI'S FOR 



































INDIVIDUAL 95 PCT CI'S FOR MEAN 
BASED ON POOLED STDEV 
N MEAN STDEV --------+---------+---------+--------
6 5.344 1.386 (---*---) 
6 15.017 3.624 
6 15.535 7.386 




---- ----+- -- --- -- -+- -- --- -- -+--------
POOLED STDEV = 4.638 
Tukey's pairwise comparisons 
5.0 10.0 15.0 
Family error rate = 0.0500 
Individual error rate = 0.0111 
Critical value = 3.96 
Intervals for (column level mean) - (row level mean) 
53 54 55 
54 -17.172 
-2.175 
55 -17.689 -8.016 
-2.693 6.980 
56 -9.459 0.215 0.732 
5.537 15.211 15.728 
note 53 Codium taylori 
note 54 Sargassum polyceratium 
note 55 Dictyota bartayresii 
note 56 Lobophora variegata 
1 8 
Abrahams Bay, Mayaguana 
SOURCE DF SS 
SPECIES 3 324.1 
ERROR 20 354.3 









INDIVIDUAL 95 PCT CI'S FOR MEAN 
BASED ON POOLED STDEV 
Genera species N 
Stypopodium zonale 6 
Laurencia obtusa 6 
Dictyota dichotoma 6 







POOLED STDEV = 4.209 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.0111 






10.0 15.0 20.0 








note 57 Stypopodium zonale 
note 58 Laurencia obtusa 
note 59 Dictyota dichotoma 


























POOLED STDEV = 6.286 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.0111 























INDIVIDUAL 95 PCT CI'S FOR MEAN 






----+---- --- --+-- -------+---- -----+--
12 ·24 36 48 








note 61 Spyridia ftllamentosa 
note 62 Laurencia intricata 
note 63 Siphonocladus rigidis 



























POOLED STDEV = 6.004 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.0111 














INDIVIDUAL 95 PCf CI'S FOR MEAN 







15.0. 20.0 25.0 











68 -9.698 -13.568 
9.715 5.845 
note 65 Trichogloeopsis pedicellata 
note 66 Stypopodium zonale 
note 67 Dictyota divaricata 














POOLED STDEV = 8.495 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.0 III 


















INDIVIDUAL 95 PCT CI'S FOR 






4.263 (- ------*------) 
-----.-----+---------+---------+-----.. 
10 20 30 












72 2.90 1.38 2.12 
30.37 28.84 29.59 
note 69 Cladophoropsis membranacea 
note 70 Dictyota divaricata 
note 71 Padina vickersiae 
note 72 Dictyosphaeria cavemosa 
22 
.. 
Comparison Among All Sites Within the Bahamas 
SOURCE DF SS MS F P 
SITES 9 50828 5648 46.12 0.000 
ERROR 230 28162 122 
1DTAL 239 78990 
lEVEL 
Sweeting Cay 
Little San Salvador 
Cat Island 
The Wall, San Salvador 
Patch Reef, San Salvador 





























INDIVIDUAL 95 PCT CI'S FOR 






















20 40 60 
Tukey's pairwise comparisons for all sites within the Bahamas 
Family error rate = 0.0500 
Individual error rate = 0.00159 
Critical value = 4.52 






































MTB > note 11 Sweeting Cay 
MTB > note 12 Little San Salvador 
MTB > note 13 Cat Island 
MTB > note 14 The Wall, San Salvador 



































-24.71 -30.89 -26.53 
-5.34 -10.47 -6.11 
-11.17 -17.36 -12.99 
8.20 3.06 7.43 
-12.71 -18.89 -14.53 
6.66 1.53 5.89 
note 16 White Cay, San Salvador 
note 17 Mayaguana 
note 19 Crooked Island 
note 21 Hogsty Reef 
note 26 Spanish Wells 
Reef and Nearshore Comparisons within the Bahamas 
SOURCE DF SS MS F P 
ENVMT. 1 18689 18689 73.76 0.000 
ERROR 238 60301 253 












INDIVIDUAL 95 PCT crs FOR 






14.0 21.0 28.0 35.0 
Treatment effects on macroalgal species collected from: 


















































































MS F P 
0.079 71.5 3.83 
18.7 
INDIVIDUAL 95 PCT CI'S FOR MEAN 





17.5 21.0 24.5 28.0 
MS F P 





INDIVIDUAL 95 PCT CI'S FOR MEAN 




----- -- -+---------+---------+-- --- ---





INDIVIDUAL 95 PCT CI'S FOR MEAN 
BASED ON POOLED STDEV 
---- --+-- -- -- ---+---------+--- ------+ 
(------------*-------------) 
(------------*------------) 
---- --+- ----- ---+-- -------+-- -- -----+ 
28.0 35.0 42.0 49.0 
MS F P 
4.4 0.1 7 0.689 
25.9 
INDIVIDUAL 95 PCT CI'S FOR MEAN 





12.0 15.0 18.0 21.0 
Treatment effects for Great Lake, San Salvador 
Sargassum hystrix 
SOURCE DF SS MS F 
NEARSHORE 
P 
0.089 TREAT 1 24.77 24.77 3.54 
ERROR 10 70.07 7.01 






























TREAT N MEAN 
CONTROL 6 30.385 
P-SPIKED 6 27.143 











































INDIVIDUAL 95 PCT CI'S FOR MEAN 
BASED ON POOLED STDEV 
-- ---+-- -- --- --+---------+---------+-
(---------*--------) 
(---------*---------) 
---- -+------ ---+-- -------+----- ----+-





INDIVIDUAL 95 PCT CI'S FOR MEAN 





7.0 14.0 21.0 28.0 
MS F P 
31.5 0.67 0.433 
47.3 
INDIVIDUAL 95 PCT CI'S FOR MEAN 




---------+------- --+---- ---- -+----- --
25.0 30.0 35.0 
MS F P 
4.0 0. 13 0.721 
30.0 
27 
INDIVIDUAL 95 PCT CI'S FOR MEAN 





17.5 21.0 24.5 28.0 
• 
Treatment effects from Hawks Nest Creek, Cat Island NEARSHORE 
Laurencia papillosa (light) 
SOURCE DF SS 
1REAT 1 2095 
ERROR 10 1295 







POOLED STDEV = 11.38 
Laurencia intricata (light) 
SOURCE DF SS 
1REAT 1 6939 
ERROR 10 1036 







POOLED STDEV = 10.18 

















INDIVIDUAL 95 PCf CI'S FOR MEAN 










INDIVIDUAL 95 PCf CI'S FOR MEAN 



























POOLED STDEV = 2.932 
Laurencia intricata (dark) 
SOURCE DF SS 
1REAT 1 274 
ERROR 10 1182 


















INDIVIDUAL 95 PCf CI'S FOR MEAN 










INDIVIDUAL 95 PCf CI'S FOR MEAN 





32.0 40.0 48.0 56.0 






TREAT N MEAN 
CONTROL 6 17.428 
P-SPIKE 6 15.124 


























































INDIVIDUAL 95 PCT CI'S FOR MEAN 




10.5 14.0 17.5 21.0 
F P 
0.13 0.723 
INDIVIDUAL 95 PCT Cl'S FOR MEAN 





4.0 8.0 12.0 16.0 
F P 
0.79 0.396 
INDIVIDUAL 95 PCT CI'S FOR MEAN 






































































SOURCE DF SS 
TREAT 1 11.2 
ERROR 10 401.2 












MS F P 
0.681 0.51 0.18 
2.85 
INDIVIDUAL 95 PCT CI'S FOR MEAN 





5.0 6.0 7.0 
MS F P 
0.076 184.4 3.91 
47.1 
INDIVIDUAL 95 PCT CI'S FOR MEAN 
BASED ON POOLED STDEV 




6.0 12.0 18.0 
MS F P 
0.153 107.6 2.39 
45.0 
INDIVIDUAL 95 PCT CI'S FOR MEAN 





10.0 15.0 20.0 
MS F P 
0.609 11.2 0.28 
40.1 
INDIVIDUAL 95 PCT CI'S FOR MEAN 





8.0 12.0 16.0 20.0 






























INDIVIDUAL 95 PCT CI'S FOR MEAN 





24.0 32.0 40.0 






TREAT N MEAN 
CONTROL 6 5.344 
P-SPIKE 6 3.812 






TREAT N MEAN 
CONTROL 6 15.017 
P-SPIKE 6 7.128 






TREAT N MEAN 
CONTROL 6 15.535 
P-SPIKE 6 9.637 














































MS F P 
0.146 7.04 2.48 
2.84 
INDIVIDUAL 95 PCf CI'S FOR MEAN 
BASED ON POOLED STDEV 
-- ---+--- --- ---+- ------- -+---------+-
(----------*---------) 
(---------*----------) 
-- ---+---------+- ------- -+---- --- --+-
3.0 4.5 6.0 7.5 
MS F P 
186.75 24.42 0.000 
7.65 
I'NDIVIDUAL 95 PCf CI'S FOR MEAN 




-------+-- ---- ---+---- -- ---+---- -----
7.0 10.5 14.0 
MS F P 
104.3 3.1 1 0.108 
33.5 
I'NDIVIDUAL 95 PCf CI'S FOR MEAN 




--+- --------+---- -----+-- ---- ---+----
5.0 10.0 15.0 20.0 
MS F P 
22.40 2.53 0.143 
8.85 
32 
I'NDIVIDUAL 95 PCf CI'S FOR MEAN 





2.5 5.0 7.5 10.0 










































INDIVIDUAL 95 PCT CI'S FOR MEAN 










INDIVIDUAL 95 PCT CI'S FOR MEAN 


































POOLED STDEV = 1.458 
---+---------+---------+---------+---















MS F P 
0.761 1.1 0.10 
11.2 
INDIVIDUAL 95 PCT CI'S FOR MEAN 
BASED ON POOLED STDEV 
-+-- -- -- ---+-- ---- ---+---- -----+-----
(--------------*---------------) 
(-------------- *--------------- ) 
-+-- -- --- --+- ------- -+---------+- ----
10.0 12.0 14.0 16.0 
MS F P 
0.001 40.84 19.20 
2.13 
33 
INDIVIDUAL 95 PCT CI'S FOR MEAN 




-----+- ----- ---+---------+-------- -+-
6.0 8.0 10.0 12.0 






TREAT N MEAN 
CONTROL 6 40.516 
P-SPIKE 6 36.411 






TREAT N MEAN 
CONTROL 6 38.313 
P-SPIKE 6 31.244 
POOLED STDEV = 5.884 















POOLED STDEV = 5.154 































SOURCE DF SS 
C4 1 130.6 



















INDIVIDUAL 95 PCT CI'S FOR MEAN 





30.0 35.0 40.0 45.0 
F P 
4.33 0.064 
INDIVIDUAL 95 PCT CI'S FOR MEAN 




-------- -;-- - ----- --;----- -----;----- ---
30.0 35.0 40.0 
F P 
0.32 0.583 
INDIVIDUAL 95 PCT CI'S FOR MEAN 










INDIVIDUAL 95 PCT CI'S FOR MEAN 





30.0 35.0 40.0 45.0 
Hogsty Reef 
Trichogloeopsis pedicellata 
SOURCE DF SS 
TREAT 1 417.8 
ERROR 10 147.0 










































































MS F p 





INDIVIDUAL 95 PCT CI'S FOR MEAN 










INDIVIDUAL 95 PCT CI'S FOR MEAN 
BASED ON POOLED STDEV 




12.0 18.0 24.0 
MS F P 
0.397 13.1 0.78 
16.7 
INDIVIDUAL 95 PCT CI'S FOR MEAN 
BASED ON POOLED STDEV 




12.0 15.0 18.0 
MS F P 
0.046 287.5 5.21 
55.2 
35 
INDIVIDUAL 95 PCT CI'S FOR MEAN 




-- -- -+------- --+- ------- -+---------+-







TREAT N MEAN 
CONTROL 6 24.223 
P-SPIKE 6 14.863 






TREAT N MEAN 
CONTROL 6 22.694 
P-SPIKE 6 37.456 






TREAT N MEAN 
CONTROL 6 23.438 
P-SPIKE 6 7.799 





























































INDIVIDUAL 95 PCT CI'S FOR MEAN 





12.0 18.0 24.0 30.0 
F P 
7.81 0.019 
INDIVIDUAL 95 PCT CI'S FOR MEAN 




----- -+---- -----+- -- -- ----+---- -----+ 
20 30 40 50 
F P 
10.23 0.010 
INDIVIDUAL 95 PCT CI'S FOR MEAN 
BASED ON POOLED STDEV 
-------- --+------- --+--- ---- --+------
(------*-------) 
(-------*-------) 
----- -- ---+------ ---+---- -----+------
10 20 30 
F P 
0.30 0.598 
INDIVIDUAL 95 PCT CI'S FOR MEAN 




-- --+--- ------+--- -- ----+---- ---- -+--








































Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.00706 















44 -38.81 25.33 
-5.93 58.21 
62 -27.25 36.90 
5.63 69.78 
64 -22.44 41.71 
10.44 74.59 
note 34 Laurencia intricata Sweeting Cay 
note 42 Laurencia intricata (light) Cat Island 
note 44 Laurencia intricata (dark) Cat Island 
note 62 Laurencia intricata Crooked Island 














INDIVIDUAL 95 PCf CI'S FOR 








---+---------+--- --- -- -+----- -- --+---









Sweeting Cay 6 
Little San Salvador 6 






Little San Salvador 6 
Cat Island 6 
Cat Island 6 
















Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.0203 

























note 38 Laurencia papillosa Little San Salvador 
note 41 Laurencia papillosa (light) Cat Island 









INDIVIDUAL 95 PCf CI'S FOR 














INDIVIDUAL 95 PCf CI'S FOR 
MEAN BASED ON POOLED 
STDEV 




-------+---------+---- -----+-- -- -----

















Little San Salvador 6 
San Salvador 6 
Hogsty Reef 6 
Spanish Wells 6 

















Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.0111 





















67 -1.02 -2.95 
31.14 29.21 
70 -8.39 -10.32 
23.78 21.85 
note 39 Dictyota divaricata Little San Salvador 
note 52 Dictyota divaricata San Salvador 
note 67 Dictyota divaricata Hogsty Reef 












INDIVIDUAL 95 PCT CI'S FOR 














INDIVIDUAL 95 PCT CI'S FOR 















Little San Salvador 6 
San Salvador 6 





























Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.0203 


























note 46 Lobophora variegata San Salvador 
note 56 Lobophora variegata White Cay San Salvador 
note 60 Lobophora variegata Mayaguana 
4 0 
MS F P 
163.6 3.36 0.097 
48.6 
INDNIDUAL 95 Pc[ CI'S FOR 





12.0 18.0 24.0 
MS F P 
13.00 1.49 0.257 
8.73 
INDIVIDUAL 95 Pc[ CI'S FOR 







5.0 7.5 10.0 12.5 
SPECIES 





























INDIVIDUAL 95 PCT CI'S FOR MEAN 
BASED ON POOLED STDEV 
-- -+--- ----- -+------ ---+- --------+---
(-------------*------------) (-------------* ------------) 
---+ --- ---- --+- --- -----+-- --- ----+---
12.0 16.0 20.0 24.0 










The Wall, San Sal. 
Patch Reef, SanS al. 
White Cay, San Sal. 
Mayaguana 
Hogsty Reef 



















Family error rate = 0.0500 
Individual error rate = 0.00650 










Intervals for (column level mean) - (row level mean) 
14 15 16 
15 -12.683 
-1.175 
16 -4.720 2.209 
6.789 3.718 
17 -9.085 -2.156 -10.119 
2.424 9.353 1.389 
21 -11.866 -4.937 -12.900 






INDIVIDUAL 95 PCT CI'S FOR 
MEAN BASED ON POOLED 
STDEV 






-+---------+----- -- --+--- ---- --+- ----




Nearshore Environment from the Bahamas 
ANALYSIS OF VARIANCE ON C5 
SOURCE DF SS 
ENVMNT 4 31396 
ERROR 115 21746 
1DTAL 119 53142 
ENVMNT N MEAN 
Sweeting Cay 24 27.07 
Ltl San Salvador 24 20.98 
Cat Island 24 63.73 
Crooked Island 24 31.48 
Spanish Wells 24 19.48 
POOLED STDEV = 13.75 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.00650 










Intervals for (column level mean) - (row level mean) 
11 12 13 
12 -4.91 
17.10 
13 -47.66 -53.76 
-25.66 -31.75 
19 -15.41 -21.51 21.25 
6.59 0.50 43.25 
26 -3.42 -9.51 33.25 





INDIVIDUAL 95 PCT CI'S FOR 
MEAN BASED ON POOLED 
STDEV 






-+-- ---- ---+------ ---+--- ----- -+-----


























BASED ON POOLED STDEV 
N MEAN STDEV 
120 14.90 7.76 
120 32.55 21.13 
POOLED STDEV = 15.92 
44 




14.0 21.0 28.0 35.0 
Florida Key and Bahama 
REEF ENVIRONMENTS 
SOURCE DF SS 
E~ 1 14333 
ERROR 154 34397 








INDIVIDUAL 95 PCT CI'S FOR MEAN 
BASED ON POOLED STDEV 
REEF N 
































---- ---- -r- -- ----- --r----------r--------





INDIVIDUAL 95 PCT CI'S FOR MEAN 
BASED ON POOLED STDEV 




32.0 40.0 48.0 56.0 
4 5 
Reef and Nearshore Comparisons Among the Florida Keys and the Bahamas 
SOURCE DF SS MS F P 
ENVMT. 3 39277 13092 35. 16 0.000 
ERROR 308 ll4672 372 
TOTAL 3ll 153949 
LEVEL 
Reef Florida Keys 
Reef Bahamas 
Nearshore Florida Keys 
Nearshore Bahamas 
POOLED SIDEV = 19.30 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.0107 






INDIVIDUAL 95 PCf CI'S FOR 
MEAN BASED ON POOLED 
SIDEV 





-+--- --- -- -+-- ---- ---+--- --- ---+-- -_. 
12 . 24 36 48 
Intervals for (column level mean) - (row level mean) 
1 2 3 
2 13.34 
32.16 
3 -20.9 1 -41.40 
2.43 -22.58 
4 -4. 31 -24.04 4.93 
14.5 1 -11.25 23.75 
46 
N:P INCUBATION 



























POOLED STDEV = 17 .31 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.00501 



















INDIVIDUAL 95 PCT CI'S FOR MEAN 








---- ---- --1----- --- --1------- ---1-------
o 15 30 
Intervals for (column level mean) - (row level mean) 
I 2 3 4 5 
2 -51.23 
16.43 
3 -51.63 -34.23 
16.03 33.43 
4 -55.03 -37.63 -37.23 
12.63 30.03 30.43 
5 -49.83 -32.43 -32.03 -28.63 
17.83 35.23 35.63 39.03 
6 -41.03 -23.63 -23.23 -19.83 -25.03 
26.63 44.03 44.43 47.83 42.63 
4 7 






























POOLED STDEV = 14.63 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.00501 



















INDIVIDUAL 95 PCT CI'S FOR MEAN 









10 20 30 
Intervals for (column level mean) . (row level mean) 
1 2 3 4 5 
2 -33.99 
23.19 
3 -35.79 -30.39 
21.39 26.79 
4 -37.99 -32.59 -30.79 
19.19 24.59 26.39 
5 -35.19 -29.79 -27.99 -25.79 
21.99 27.39 29.19 31.39 
6 -28.79 -23.39 -21.59 -19.39 -22.19 
28.39 33.79 35.59 37.79 34.99 
Padina 8 hours 
ANALYSIS OF VARIANCE ON APA 
SOURCE DF SS 
TREAT 5 237.5 
ERROR 24 949.2 






















POOLED STDEV = 6.289 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.00501 















INDIVIDUAL 95 PCT CI'S FOR MEAN 
BASED ON POOLED STDEV 
-+------ ---+----- --- -+---------+-----
(---------*---------) 





-+---------+-- ----- --+-- ----- --+-----
0.0 6.0 12.0 18.0 
Intervals for (column level mean) - (row level mean) 
1 2 3 4 5 
2 -9.691 
14.891 
3 -14.491 -17.091 
10.091 7.491 
4 -16.291 -18.891 -14.091 
8.291 5.691 10.491 
5 -16.691 -19.291 -14.491 -12.691 
7.891 5.291 10.091 11.891 
6 -17.891 -20.491 -15.691 -13.891 -13.491 
6.691 4.091 8.891 10.691 11.091 





TREAT N MEAN 
1. 5 20.200 
2 5 10.600 
3 5 16.200 
4 5 17.400 
5 5 14.800 
6 5 10.400 
POOLED STDEV '" 8.718 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.00501 














INDIVIDUAL 95 PCT CI'S FOR MEAN 








--- --- -+-- -- -- ---+--- ------+--- ------
7.0 14.0 21.0 
Intervals for (column level mean) (row level mean) 
1 2 3 4 5 
2 -7.44 
26.64 
3 -13.04 -22.64 
21.04 11.44 
4 -14.24 -23.84 -18.24 
19.84 10.24 15.84 
5 -11.64 -21.24 -15.64 -14.44 
22.44 12.84 18.44 19.64 
6 -7.24 -16.84 -11.24 -10.04 -12.64 
26.84 17.24 22.84 24.04 21.44 






























POOLED STDEV = 5.801 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.00500 



















INDIVIDUAL 95 PCT CI'S FOR MEAN 








--+-------- -+---- -- ---+------ ---+----
5.0 10.0 15.0 20.0 
Intervals for (column level mean) - (row level mean) 
1 2 3 4 5 
2 -17.829 
6.329 
3 -13.829 -7.389 
10.329 15.389 
4 -18.429 -11.989 -15.989 
5.729 10.789 6.789 
5 -17.229 -10.789 -14.789 -10.189 
6.929 11.989 7.989 12.589 
6 -17.629 -11.189 -15.189 -10.589 -11.789 
6.529 11.589 7.589 12.189 10.989 






























POOLED STDEV = 9.093 
Tukey's pairwise comparisons 
F amil y error rate = 0.0500 
Individual error rate = 0.00501 



















INDIVIDUAL 95 PCT CI'S FOR MEAN 








----- ---- -1f-------- -1f---- --- --1f--- ---
7.0 14.0 21.0 
Intervals for (column level mean) - (row level mean) 
1 2 3 4 5 
2 -12.17 
23.37 
3 -17.97 -23.57 
17.57 11.97 
4 -17.17 -22.77 -16.97 
18.37 12.77 18.57 
5 -15.77 -21.37 -15.57 -16.37 
19.77 14.17 19.97 19.17 
6 -20.77 -26.37 -20.57 -21.37 -22.77 
14.77 9.17 14.97 14.17 12.77 
52 






























POOLED STDEV = 10.82 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.00501 



















INDIVIDUAL 95 PCI' CI'S FOR MEAN 
BASED ON POOLED STDEV 







---- --+- --------+--- ------+---- --- --+ 
12 24 36 48 
Intervals for (column level mean) - (row level mean) 
1 2 3 4 5 
2 -36.94 
5.34 
3 -26.54 -10.74 
15.74 31.54 
4 -18.94 -3.14 -13.54 
23.34 39.14 28.74 
5 -17.34 -1.54 -11.94 -19 .54 
24.94 40.74 30.34 22.74 
6 -16.94 -1.14 -11.54 -19.14 -20.74 
25.34 41.14 30.74 23.14 21.54 
53 





TREAT N MEAN 
1 5 20.000 
2 5 19.200 
3 5 19.600 
4 5 16.000 
5 5 19.200 
6 5 14.800 
POOLED SIDEV = 7.193 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.00501 














INDIVIDUAL 95 PCT CI'S FOR MEAN 







----+---- ---- -+------- --+-- -------+--
10.0 15.0 20.0 25.0 
Intervals for (column level mean) - (row level mean) 
1 2 3 4 5 
2 -13.26 
14.86 
3 -13.66 -14.46 
14.46 13.66 
4 -10.06 -10.86 -10.46 
18.06 l7.26 l7.66 
5 -13.26 -14.06 -13.66 -l7.26 
14.86 14.06 14.46 10.86 
6 -8.86 -9.66 -9.26 -12.86 -9.66 
19.26 18.46 18.86 15.26 18.46 






























POOLED STDEV = 4.834 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.00501 



















INDIVIDUAL 95 PCT CI'S FOR MEAN 
BASED ON POOLED STDEV 







--- ----+-- ---- ---+-- -- -- ---+ --- ------
10.0 15.0 20.0 
Intervals for (column level mean) - (row level mean) 
1 2 3 4 5 
2 -8.447 
10.447 
3 -12.247 -13.247 
6.647 5.647 
4 -14.447 -15.447 -11.647 
4.447 3.447 7.247 
5 -9.247 -10.247 -6.447 -4.247 
9.647 8.647 12.447 14.647 
6 -12.047 -13.047 -9.247 -7.047 -12.247 
6.847 5.847 9.647 11.847 6.647 
55 






























POOLED STDEV = 6.307 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.00501 



















INDIVIDUAL 95 PCT CI'S FOR MEAN 









5.0 10.0 15.0 20.0 
Intervals for (column level mean) - (row level mean) 
1 2 3 4 5 
2 -15.727 
8.927 
3 -15.327 -11.927 
9.327 12.727 
4 -15.727 -12.327 -12.727 
8.927 12.327 11.927 
5 -14.327 -10.927 -11.327 -10.927 
10.327 13.727 13.327 13.727 
6 -13.327 -9.927 -10.327 -9.927 -11.327 
11.327 14.727 14.327 14.727 13.327 
4 





TREAT N MEAN 
1 5 21.200 
2 5 21.600 
3 5 17.200 
4 5 17.000 
5 5 23.000 
6 5 27.800 
POOLED S'IDEV = 8.854 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.00501 

















INDIVIDUAL 95 PCT CI'S FOR MEAN 
BASED ON POOLED S'IDEV 






. (--------- *---------) 
--- -- --- -+----- -- --+---- ---- -+-- -- ---
16.0 24.0 32.0 
Intervals for (column level mean) - (row level mean) 
1 2 3 4 5 
2 -17.70 
16.90 
3 -13.30 -12.90 
21.30 21.70 
4 -13.10 -12.70 -17.10 
21.50 21.90 17.50 
5 -19.10 -18.70 -23.10 -23.30 
15.50 15.90 11.50 11.30 
6 -23.90 -23.50 -27.90 -28.10 -22.10 
10.70 11.10 6.70 6.50 12.50 
57 





TREAT N MEAN 
1 5 18.200 
2 5 24.000 
3 5 10.600 
4 5 22.000 
5 5 8.800 
6 5 14.600 
POOLED STDEV = 8.751 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.00501 














INDIVIDUAL 95 PCT CI'S FOR MEAN 








--- -- -- -- -+---- -- ---+---- -- ---+------
10 20 30 
Intervals for (column level mean) - (row level mean) 
1 2 3 4 5 
2 -22.90 
11.30 
3 -9.50 -3.70 
24.70 30.50 
4 -20.90 -15. 10 -28.50 
13.30 19. 10 5.70 
5 -7.70 -1.90 -15.30 -3.90 
26.50 32.30 18.90 30.30 
6 -13.50 -7.70 -21.10 -9.70 -22.90 









































POOLED STDEV = 8.513 
DIEL STUDY 
SS MS F p 















INDIVIDUAL 95 PCT CI'S FOR MEAN 
BASED ON POOLED STDEV 











--+- -- ------+-- -------+-- -------+----
o 15 30 45 
Pad ina virginica 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.00180 
Critical value = 4.73 
Intervals for (column level mean) - (row level mean) 
0 4 8 12 16 20 24 
4 -21.54 
14.47 
8 -7.28 -3.74 
28.74 32.28 
12 -6.72 -3.18 -17.45 
29.30 32.84 18.57 
16 -15.69 -12.15 -26.42 -26.98 
20.33 23.87 9.60 9.04 
20 -17.49 -13.95 -28.22 -28.78 -19.81 
18.53 22.07 7.80 7.24 16.21 
24 -36.73 -33.19 -47.46 -48.02 -39.05 -37.25 
-0.71 2.83 -11.44 -12.00 -3.03 -1.23 
28 -17.20 -13.66 -27.93 -28.49 -19.52 -17.72 1.52 
18.81 22.35 8.08 7.52 16.49 18.29 37.53 
44 -12.79 -9.26 -23.53 -24.08 -15.11 -13.31 5.93 
23.22 26.76 12.49 11.93 20.90 22.70 41.94 
48 -23.32 -19.78 -34.05 -34.61 -25.64 -23.84 -4.60 








SOURCE OF SS MS F P 
HOUR 9 1395.1 155.0 2.19 0.043 
ERROR 40 2827.9 70.7 
1DTAL 49 4222.9 
INDIVIDUAL 95 PCT CI'S FOR MEAN 
BASED ON POOLED STDEV 
SAMPLE 
TIME N MEAN STDEV --r----------r----------r----------r-----
0 5 16.648 4.627 (-------*------) 
4 5 20.828 13.700 (-------*------) 
8 5 10.540 5.238 (-------*------) 
12 5 6.884 3.380 (-------*------) 
16 5 17 .817 8.475 (---.---*------) 
20 5 8.645 5.811 (-------*------) 
24 5 19.408 6.649 (------*-------) 
28 5 15.445 3.242 (------*-------) 
44 5 11.950 5.866 (-------*-------) 
48 5 23.930 16.257 (-------*-------) 
--r----------r----------r----------r-----
POOLED STDEV = 8.408 0 10 20 30 
Laurencia poiteaui 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual errorrate = 0.00180 
Critical value = 4.73 
Intervals for (column level mean) - (row level mean) 
0 4 8 12 16 20 24 
4 -21.97 
13.61 
8 -11.68 -7.50 
23.89 28.07 
12 -8.02 -3.84 -14.13 
27.55 31.73 21.44 
16 -18.96 -14.78 -25.06 -28.72 
16.62 20.80 10.51 6.85 
20 -9.78 -5.60 -15.89 -19.55 -8.61 
25.79 29.97 19.68 16.03 26.96 
24 -20.55 -16.37 -26.65 -30.31 -19.38 -28.55 
15.03 19.21 8.92 5.26 16.19 7.02 
28 -16.58 -12.40 -22.69 -26.35 -15.41 -24.59 -13.82 
18.99 23.17 12.88 9.23 20.16 10.99 21.75 
44 -13.09 -8.91 -19.20 -22.85 -11.92 -21.09 -10.33 
22.48 26.66 16.38 12.72 23.65 14.48 25.24 
48 -25.07 -20.89 -31.18 -34.83 -23.90 -33.07 -22.31 




48 -26.27 -29.77 
9.30 5.81 
Florida Keys 
ANALYSIS OF VARIANCE ON %C 
SOURCE DF SS 
SITES 3 48.64 
ERROR 4 6.81 
TDTAL 7 55.45 
LEVEL N MEAN 
Looe Key 2 19.040 
Patch Reef 2 21.275 
Pine Channel 2 17.675 
P.P. Heights 2 24.190 
POOLED STDEV = 1.305 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.0152 




















17.5 21.0 24.5 
Intervals for (column level mean) - (row level mean) 
1 2 3 
2 -7.550 
3.080 
3 -3.950 -1.715 
6.680 8.915 
4 -10.465 -8.230 -11.830 
0.165 2.400 -1.200 
Florida Keys 
ANALYSIS OF VARIANCE ON %N 
SOURCE DF SS 








ERROR 4 0.1454 
WTAL 7 0.5066 
LEVEL N 
Looe Key 2 
Patch Reef 2 
Pine Channel 2 






POOLED STDEV = 0.1907 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.0152 




0.2333 (---------- *----------) 
0.2333 (---------*----------) 
--- -- --+-- -- --- --+-- -- -----+------- --
0.70 1.05 1.40 
Intervals for (column level mean) - (row level mean) 
I 2 3 
2 -0.8965 
0.6565 
3 -0.8065 -0.6865 
0.7465 0.8665 
4 -1.3065 -1.1865 -1.2765 




ANALYSIS OF VARIANCE ON %P 
SOURCE DF SS MS F 
SITES 3 0.0006125 0.0002042 3.10 
ERROR 4 0.0002638 0.0000660 














---- ----+- ---- ----+-- -------+----- ---
Looe Key 2 
Patch Reef 2 
Pine Channel 2 
P.P. Heights 2 
POOLED SIDEV = 0.008121 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.0152 
Critical value = 5.76 
(---------*----------) 
(---- ------ *----------) 
(---------*----------) 
(---------*----------) 
---- ----+- ------- -+--- -- ----+--------
0.015 0.030 0.045 
Intervals for (column level mean) - (row level mean) 
1 2 3 
2 -0.0129 
0.0532 
3 -0.0106 -0.0308 
0.0556 0.0354 
4 -0.0195 -0.0397 -0.0420 
0.0466 0.0265 0.0241 
6 5 
Florida Keys 
ANAL YSIS OF VARIANCE ON C:N 
SOURCE DF SS 
SITES 3 40.4 
ERROR 4 97.5 
WTAL 7 137.9 
LEVEL N 
Looe Key 2 
Patch Reef 2 
Pine Channel 2 






POOLED STDEV = 4.937 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.0152 



















14.0 21.0 28.0 35.0 
Intervals for (column level mean) - (row level mean) 
1 2 3 
2 -20. 11 
20.1 1 
3 -18.11 -18.11 
22.11 22.11 
4 -14.61 -14.61 -16.61 
25.61 25.61 23.61 
66 
Florida Keys 
ANAL YSIS OF VARIANCE ON C:P 
SOURCE DF SS MS F 
3.75 
P 
0.117 SrrES 3 1806823 602274 
ERROR 4 641853 160463 
roTAL 7 2448676 
LEVEL N 
Looe Key 2 
Patch Reef 2 
Pine Channel 2 






POOLED SIDEV = 400.6 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.0152 












800 1600 2400 3200 
Intervals for (column level mean) - (row level mean) 
1 2 3 
2 -2847 
417 
3 -2663 -1448 
600 1815 
4 -2627 -1412 -1595 




ANALYSIS OF VARIANCE ON N:P 
SOURCE DF SS MS 
SITES 3 4623 1541 
ERROR 4 1443 361 










Looe Key 2 
Patch Reef 2 
Pine Channel 2 
P.P. Heights 2 106.50 
POOLED STDEV = 18.99 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.0152 









----- --- -1------ ----1-------- --1--------
40 80 120 
Intervals for (column level mean) - (row level mean) 
1 2 3 
2 -128.4 
26.4 
3 -128.9 -77.9 
25.9 76.9 
4 -138.9 -87.9 -87.4 
15.9 66.9 67.4 
All 
Florida Keys 
ANALYSIS OF VARIANCE ON %C 
SOURCE DF SS 
REEF/NON 1 1.20 
ERROR 6 54.25 


























17.5 20.0 22.5 25.0 
SOURCE DF SS MS F 
1.42 
P 
0.279 REEF/NON 1 0.0968 0.0968 
ERROR 6 0.4098 0.0683 










POOLED STDEV = 0.2613 





0.75 1.00 1.25 
SOURCE DF SS MS F P 
REEF/NON 1 0.000126 0.000126 1.01 0.353 
ERROR 6 0.000750 0.000125 










POOLED STDEV = 0.011 18 
- ---------i-- -- --- ---i-- --- --- --i-- -- ---
(-------------*------~-----) (-------------*------------) 
----------i----------i----------i-------
0.020 0.030 0.040 
69 
Florida Keys 
ANAL YSIS OF VARIANCE ON C:N 
SOURCE DF SS 
REEF/NON 1 28.1 
ERROR 6 109.8 



























20.0 24.0 28.0 
SOURCE DF SS MS F 
0.93 
P 
0.372 REEF/NON 1 329266 329266 
ERROR 6 2119410 353235 



















1200 1800 2400 3000 
SOURCE DF SS MS F 
2.78 
P 
0.146 REEF/NON 1 1922 1922 
ERROR 6 4144 691 


















60 90 120 
Bahama 
ANALYSIS OF VARIANCE ON %C 
SOURCE DF SS 
SITES 4 57.0 
ERROR 15 565.5 
TOTAL 19 622.5 
LEVEL N MEAN 
The Wall, San Sal. 3 18.367 
Patch Reef, San Sal. 5 22.000 
White Cay, San Sal. 4 23.733 
Mayaguana 4 22.995 





















--+----- --- -+---------+- ------ --+----
POOLED STDEV = 6.140 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.00747 
Critical value = 4.37 
Intervals for (column level mean) - (row level mean) 
8 9 10 
9 -17.49 
10.22 
10 -19.86 -14.46 
9.13 11.00 
11 -19.12 -13.72 -12.68 
9.86 11.73 14.15 
13 -17.46 -12.07 - 11.02 
11.52 13.39 15.81 





ANALYSIS OF VARIANCE ON %N 
SOURCE DF S S MS 
SITES 4 0.5328 0.1332 
ERROR 15 0.9681 0.0645 
IDTAL 19 1.5009 
LEVEL N MEAN 
The Wall, San Sal. 3 0.6900 
Patch Reef, San Sal. 5 0.8040 
White Cay, San Sal. 4 1.0100 
Mayaguana 4 1.1825 
Hogsty Reef 4 0.9250 
POOLED STDEV = 0.2540 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.00747 







Intervals for (column level mean) - (row level mean) 
8 9 10 
9 -0.6873 
0.4593 













--- -- ---+--- --- ---+--- ------+--------
0.60 0.90 1.20 
II 
11 -1.0921 -0.9051 -0.7276 
0.1071 0.1481 0.3826 
13 -0.8346 -0.6476 -0.4701 -0.2976 
0.3646 0.4056 0.6401 0.8126 
Bahamas 
ANALYSIS OF VARIANCE ON %P 
SOURCE DF SS MS 
SITES 4 0.004525 0.001131 
ERROR 15 0.001802 0.000120 
IDTAL 19 0.006327 
LOCATION N 
The Wall, San Sal. 3 
Patch Reef, San Sal. 5 
White Cay, San Sal. 4 
Mayaguana 4 
Hogsty Reef 4 







Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.00747 







Intervals for (column level mean) - (row level mean) 
8 9 10 
9 -0.03337 
0.01610 
10 -0.07155 -0.05977 
-0.01981 -0.01433 
11 -0.04865 -0.03687 -0.00105 
0.00309 0.00857 0.04685 
13 -0.04393 -0.03215 0.00367 












-----+-- ----- --+---- -----+---------+-





ANALYSIS OF VARIANCE ON C:N 
SOURCE DF SS MS 
SITES 4 354 88 
ERROR 15 1815 121 
WTAL 19 2169 
LEVEL N MEAN 
The Wall, San Sal. 3 32.33 
Patch Reef, San Sal. 5 34.80 
White Cay, San Sal. 4 29.25 
Mayaguana 4 23.00 
Hogsty Reef 4 27.25 
POOLED STDEV = 11.00 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.00747 







Intervals for (column level mean) (row level mean) 
8 9 10 
9 -27.29 
22.36 
10 -22.88 -17 .25 
29.04 28.35 
11 -16.63 -11.00 -17.78 
35.29 34.60 30.28 
13 -20.88 -15.25 -22.03 



















ANAL YSIS OF VARIANCE ON C:P 
SOURCE DF SS MS 
SITES 4 2226050 556512 
ERROR 15 2123921 141595 
WTAL 19 4349971 
LEVEL N MEAN 
The Wall, San Sal. 3 1894.3 
Patch Reef, San Sal. 5 1725.8 
White Cay, San Sal. 4 944.0 
Mayaguana 4 1245.5 
Hogsty Reef 4 1301.5 
POOLED STDEV = 376.3 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.00747 







Intervals for (column level mean) - (row level mean) 
8 9 10 
9 -681 
1018 
10 62 2 
1838 1562 
11 -239 -300 -1124 
1537 1260 521 
13 -295 -356 -1180 












. ---- -----+--- ---- --+---------+- -----






ANALYSIS OF VARIANCE ON N:P 
SOURCE DF S S MS 
SITES 4 1708 427 
ERROR 15 2868 191 






LEVEL N MEAN STDEV -------- -+------- --+----- ----+-------
The Wall, San Sal. 3 60.33 
Patch Reef, San Sal. 5 55.20 
White Cay, San Sal. 4 33.25 
Mayaguana 4 55.25 
Hogsty Reef 4 47.75 
POOLED STDEV = 13.83 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.00747 











---- ---- -+----- -- --+----- ----+-------
32 48 64 
Intervals for (column level mean) - (row level mean) 
8 9 10 11 
9 -26.07 
36.34 
10 -5.55 -6.71 
59.72 50.61 
11 -27.55 -28.71 -52.21 
37.72 28.61 8.21 
13 -20.05 -21.21 -44.71 -22.71 





ANAL YSIS OF VARIANCE ON 
SOURCE DF SS 
SITES 4 115.2 
ERROR 15 216.7 
WTAL 19 331.9 
LOCATION 
Sweeting Cay 










POOLED STDEV = 3.801 







Family error rate = 0.0500 
Indi vidual error rate = 0.00747 






















----- -+-- -- -----+---------+---------+ 
16.0 20.0 24.0 28.0 
Intervals for (column level mean) - (row level mean) 
5 6 7 12 
6 -13.818 
2.793 
7 -13.538 -8.025 
3.073 8.585 
12 -10.440 -4.928 -5.208 
6.170 11.683 11.403 
14 -8.373 -2.860 -3.140 -6.238 
8.238 13.750 13.470 10.373 
77 
Bahama Nearshore 
ANALYSIS OF VARIANCE ON %N 
SOURCE DF SS MS 





ERROR 15 1.2186 0.0812 
WTAL 19 1.9769 
LEVEL N MEAN STDEV ---~---------~---------~---------~---
Sweeting Cay 4 0.8850 
Lt1 San Salvador 4 1.2350 
Cat Island 4 1.2850 
Crooked Island 4 1.2150 
Spanish Wells 4 0.8200 
POOLED STDEV = 0.2850 
Tukey's pairwise comparisons 
F amil y error rate = 0.0500 
Individual error rate = 0.00747 












0.60 0.90 1.20 1.50 
Intervals for (column level mean) - (row level mean) 
5 6 7 12 
6 -0.9728 
0.2728 
7 -1.0228 -0.6728 
0.2228 0.5728 
12 -0.9528 -0.6028 -0.5528 
0.2928 0.6428 0.6928 
14 -0.5578 -0.2078 -0.1578 -0.2278 
0.6878 1.0378 1.0878 1.0178 
" 
Bahama Nearshore 
ANALYSIS OF VARIANCE ON %P 
SOURCE DF SS MS F P 
0.435 SITES 4 0.001990 0.000497 1.01 
ERROR 14 0.006887 0.000492 



















----+-- -- ---- -+-- -------+----- --- -+--
Sweeting Cay 




POOLED STDEV = 0.02218 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.00755 






-- --+-- -- -- ---+-- -- -----+----- --- -+--
0.000 0.025 0.050 0.075 
Intervals for (column level mean) . (row level mean) 
5 6 7 12 
6 -0.05053 
0.04728 
7 -0.02735 -0.02573 
0.07045 0.07208 
12 -0.03070 -0.02907 -0.05225 
0.07495 0.07657 0.05340 
14 -0.03428 -0.03265 -0.05583 -0.06032 
0.06353 0.06515 0.04198 0.04532 
79 
Bl!.hama Nearshore 
ANAL YSIS OF VARIANCE ON C:N 
SOURCE DF SS MS 





ERROR 15 599.0 39.9 
TOTAL 19 719.8 
LEVEL N MEAN STDEV --------1----------1----------1---------
Sweeting Cay 4 23.750 
Ltl. San Salvador 4 23.250 
Cat Island 4 21.000 
Crooked Island 4 20.250 
Spanish Wells 4 27.250 
POOLED STDEV = 6.319 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.00747 












18.0 '24.0 30.0 
Intervals for (column level mean) - (row level mean) 
5 6 7 12 
6 -13.308 
14.308 
7 -11.058 -11.558 
16.558 16.058 
12 -10.308 -10.808 -13.058 
17.308 16.808 14,558 
14 -17.308 -17 .808 -20.058 -20.808 
10.308 9.808 7.558 6.808 
8 0 
Bahama 
ANALYSIS OF VARIANCE ON C:P 
SOURCE DF SS 
SITES 4 7223081 
ERROR 14 9281774 
TDTAL 18 16504855 
LEVEL N MEAN 
Sweeting Cay 4 1385.5 
Ltl. San Salvador 4 1840.5 
Cat Island 4 3133.3 
Crooked Island 3 2483.0 
Spanish Wells 4 1869.5 
POOLED STDEV = 814.2 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.00755 










Intervals for (column level mean) - (row level mean) 
5 6 7 
6 -2250 
1340 
7 -3543 -3088 
48 503 
12 -3037 -2582 -1289 
842 1297 2589 
14 -2279 -1824 -532 













---- -+-- -------+------ ---+---- --- --+-





ANALYSIS OF VARIANCE ON N:P 
SOURCE DF S S MS 
SITES 4 20258 5065 
ERROR 14 15438 1103 






Sweeting Cay 4 
Ltl. San Sal. 4 
Cat Island 4 
Crooked Is. 3 








POOLED STDEV = 33.21 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.00755 






-----+----- ----+--- ----- -+----- ----+-
50 100 . 150 200 
Intervals for (column level mean) - (row level mean) 
5 6 7 12 
6 -99.7 
46.7 
7 -159.7 -133.2 
-13.3 13.2 
12 -133.5 -107.0 -47.0 
24.7 51.2 11l.2 
14 -79.2 -52.7 7.3 -30.7 




ANALYSIS OF VARIANCE ON %C 
SOURCE DF SS MS 
SITES 9 193.7 21.5 
ERROR 30 782.3 26.1 
WTAL 39 976.0 
LEVEL N 
Sweeting Cay 4 
Ltl San Salvador 4 
Cat Island 4 
The Wall, San Sal. 3 
Patch Reef, San Sal. 5 
White Cay, San Sal. 4 
Mayaguana 4 
Crooked Island 4 
Hogsty Reef 4 
Spanish Wells 4 









































15.0 20.0 25.0 30.0 
Bahamas All 
Tukey's pairwise comparisons %C 
Family error rate = 0.0500 
Individual error rate = 0.00188 
Critical value = 4.82 
Intervals for (column level mean) - (row level mean) 
5 6 7 8 9 10 11 
6 -17.819 
6.794 
7 -17.539 -12.026 
7.074 12.586 
8 -13.849 -8.337 -8.617 
12.736 18.248 17.968 
9 -15.865 -10.352 -10.632 -16.343 
7.485 12.997 12.717 9.077 
10 -18.229 -12.716 -12.996 -18.658 -13.407 
6.384 11.896 11.616 7.927 9.942 
11 -17.491 -11.979 -12.259 -17.921 -12.670 -11.569 
7.121 12.634 12.354 8.664 10.680 13.044 
12 -14.441 -8.929 -9.209 -14.871 -9.620 -8.519 -9.256 
10.171 15.684 15.404 11. 714 13.730 16.094 15.356 
13 -15.834 -10.321 -10.601 -16.263 -11.012 -9.911 -10.649 
8.779 14.291 14.011 10.322 12.337 14.701 13.964 
14 -12.374 -6.861 -7.141 -12.803 -7.552 -6.451 -7.189 








ANALYSIS OF VARIANCE ON %N 
SOURCE DF SS 
SITES 9 1.5471 
ERROR 30 2.1867 
WTAL 9 3.7338 
LEVEL N 
Sweeting Cay 4 
Ltl. San Sal. 4 
Cat Island 4 
The Wall, San Sal. 3 
Patch Reef, San Sal. 5 
White Cay, San Sal. 4 
~ayaguana 4 
Crooked Is. 4 
Hogsty Reef 4 
Spanish Wells 4 



























0.2454 . (-------*-------) 
0.4446 (-------*-------) 
0.3599 (------ *-------) 
0.2588 (------*-------) 
----------+---------+---------+------
0.70 1.05 1.40 
Bahamas All 
Tukey's pairwise comparisons %N 
Family error rate = 0.0500 
Individual errorrate = 0.00188 
Critical value = 4.82 
Intervals for (column level mean) - (row level mean) 
5 6 7 8 9 10 11 
6 -1.0007 
0.3007 
7 -1.0507 -0.7007 
0.2507 0.6007 
8 -0.5078 -0.1578 -0.1078 
0.8978 1.2478 1.2978 
9 -0.5363 -0.1863 -0.1363 -0.7860 
0.6983 1.0483 1.0983 0.5580 
10 -0.7757 -0.4257 -0.3757 -1.0228 -0.8233 
0.5257 0.8757 0.9257 0.3828 0.4113 
11 -0.9482 -0.5982 -0.5482 -1.1953 -0.9958 -0.8232 
0.3532 0.7032 0.7532 0.2103 0.2388 0.4782 
12 -0.9807 -0.6307 -0.5807 -1.2278 -1.0283 -0.8557 -0.6832 
0.3207 0.6707 0.7207 0.1778 0.2063 0.4457 0.6182 
13 -0.6907 -0.3407 -0.2907 -0.9378 -0.7383 -0.5657 -0.3932 
0.6107 0.9607 1.0107 0.4678 0.4963 0.7357 0.9082 
14 -0.5857 -0.2357 -0.1857 -0.8328 -0.6333 -0.4607 -0.2882 








ANALYSIS OF VARIANCE ON %P 
SOURCE DF SS MS F P 
0.010 SITES 9 0.008283 0.000920 3.07 
ERROR 29 0.008689 0.000300 
TDTAL 38 0.016972 
LEVEL N 
Sweeting Cay 4 
Ltl. San Sal. 4 
Cat Island 4 
The Wall, San Sal. 3 
Patch Reef, San Sal. 5 
White Cay, San Sal. 4 
Mayaguana 4 
Crooked Is. 3 
Hogsty Reef 4 
Spanish Wells 4 
























0.000 0.Q25 0.050 0.075 
Bahamas All 
Tukey's pairwise comparisons %P 
Family error rate = 0.0500 
Individual error rate = 0.00187 
Critical value = 4.84 
Intervals for (column level mean) - (row level mean) 
5 6 7 8 9 10 I I 
6 -0.0435 1 
0.04026 
7 -0.02034 -0.01871 
0.06344 0.06506 
8 -0.02849 -0.02686 -0.05004 
0.06200 0.06363 0.04045 
9 -0.03161 -0.02999 -0.05316 -0.05190 
0.04786 0.04949 0.02631 0.03463 
10 -0.07081 -0.06919 -0.09236 -0.09093 -0.07679 
0.01296 0.01459 -0.00859 -0.00044 0.00269 
II -0.0479 1 -0.04629 -0.06946 -0.06803 -0.05389 -0.01899 
0.03586 0.03749 0.01431 0.02246 0.02559 0.06479 
12 -0.02312 -0.02150 -0.04467 -0.04300 -0.02926 0.00580 -0.0l71C 
0.06737 0.06900 0.04582 0.05374 0.05726 0.09630 0.0734C 
13 -0.04319 -0.04156 -0.06474 -0.06330 -0.04916 -0.01426 -0.037lt 
0.04059 0.04221 0.01904 0.02719 0.03031 0.06951 0.04661 
14 -0.02726 -0.02564 -0.04881 -0.04738 -0.03324 0.00166 -0.0212< 




14 -0.05275 -0.02596 
0.03775 0.05781 
Bahamas 
ANALYSIS OF VARIANCE ON C:N 
SOURCE DF SS 
SITES 9 878.0 
ERROR 30 2414.0 
WTAL 39 3292.0 
LEVEL N 
Sweeting Cay 4 
Ltl. San Salvador 4 
Cat Island 4 
The Wall, San Sal. 3 
Patch Reef, San Sal. 5 
White Cay, San Sal. 4 
Mayaguana 4 
Crooked Island 4 
Hogsty Reef 4 
Spanish Wells 4 
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20 30 40 
Bahamas All 
Tukey's pairwise comparisons C:N 
Family error rate = 0.0500 
Individual error rate = 0.00188 
Critical value = 4.82 
Intervals for (column level mean) - (row level mean) 
5 6 7 8 9 10 11 
6 -21.12 
22.12 
7 -18.87 -19.37 
24.37 23.87 
8 -31.93 -32.43 -34.68 
14.77 14.27 12.02 
9 -31.56 -32.06 -34.31 -24.79 
9.46 8.96 6.71 19.86 
10 -27.12 -27.62 -29.87 -20.27 -14.96 
16. 12 15.62 13.37 26.43 26.06 
11 -20.87 -21.37 -23.62 -14.02 -8.71 -15.37 
22.37 21.87 19.62 32.68 32.31 27.87 
12 -18.12 -18.62 -20.87 -11.27 -5.96 -12.62 -18.87 
25.12 24.62 22.37 35.43 35.06 30.62 24.37 
l3 -25.12 -25.62 -27.87 -18.27 -12.96 -19.62 -25.87 
18.12 17.62 15.37 28.43 28.06 23.62 17.37 
14 -25.12 -25.62 -27.87 -18.27 -12.96 -19.62 -25.87 




14 -28.62 -21.62 
14.62 21.62 
Bahamas 
ANALYSIS OF VARIANCE ON C:P 
SOURCE DF SS 
SITES 9 14369471 
ERROR 29 11405695 
1DTAL 38 25775166 
LEVEL N 
Sweeting Cay 4 
Ltl. San Sal. 4 
Cat Island 4 
The Wall, San Sal. 3 
Patch Reef, San Sal. 5 
White Cay, San Sal. 4 
Mayaguana 4 
Crooked Is. 3 
Hogsty Reef 4 
Spanish Wells 4 












































1000 2000 3000 
Bahamas All 
Tukey's pairwise comparisons C:P 
Family error rate = 0.0500 
Individual error rate = 0.00187 
Critical value = 4.84 
Intervals for (column level mean) - (row level mean) 
5 6 7 8 9 10 11 
6 -1973 
1063 
7 -3265 -2810 
-230 225 
8 -2148 -1693 -400 
1130 1585 2878 
9 -1780 -1325 -32 -1399 
1099 1554 2847 1736 
10 -1076 -621 672 -689 -658 
1959 2414 3707 2590 2222 
11 -1378 -923 370 -990 -959 -1819 
1658 2113 3405 2288 1920 1216 
12 -2737 -2282 -989 -2341 -2325 -3178 -2877 
542 997 2290 1164 810 100 402 
13 -1434 -979 314 -1046 -1015 -1875 -1574 
1602 2057 3349 2232 1864 1160 1462 
14 -2002 -1547 -254 -1614 -1583 -2443 -2142 








ANALYSIS OF VARIANCE ON N:P 
SOURCE DF SS MS 
SITES 9 42400 4711 
ERROR 29 18305 631 
WTAL 38 60705 
LEVEL N MEAN STDEV 
Sweeting Cay 4 62.25 27.21 
Ltl. San Sal. 4 88.75 52.28 
Cat Island 4 148.75 39.20 
The Wall, San Sal. 3 60.33 11.93 
Patch Reef, San Sal. 5 55.20 19.43 
White Cay, San Sal. 4 33.25 12.45 
Mayaguana 4 55.25 13.10 
Crooked Is. 3 116.67 6.11 
Hogsty Reef 4 47.75 5.56 
Spanish Wells 4 68.25 10.53 


















----- ----+---------+---- ---- -+-------
50 100 150 
Bahamas All 
Tukey's pairwise comparisons N:P 
Family error rate = 0.0500 
Individual error rate = 0.00187 
Critical value = 4.84 
Intervals for (column level mean) - (row level mean) 
5 6 7 8 9 10 11 
6 -87.3 
34.3 
7 -147.3 -120.8 
-25.7 0.8 
8 -63.8 -37.3 22.7 
67.6 94.1 154.1 
9 -50.6 -24.1 35.9 -57.7 
64.7 91.2 151.2 67.9 
10 -31.8 -5.3 54.7 -38.6 -35.7 
89.8 1 16.3 176.3 92.8 79.6 
11 -53.8 -27.3 32.7 -60.6 -57.7 -82.8 
67.8 94.3 154.3 70.8 57.6 38.8 
12 -120.1 -93.6 -33.6 -126.5 -124.3 -149.1 -127.1 
11.3 37.8 97.8 13.9 1.3 -17.7 4.3 
13 -46.3 -19.8 40.2 -53.1 -50.2 -75.3 -53.3 
75.3 101.8 161.8 78.3 65.1 46.3 68.3 
14 -66.8 -40.3 19.7 -73.6 -70.7 -95.8 -73.8 








ANALYSIS OF VARIANCE ON %C 
SOURCE DF SS 
REEF/NON 1 21.6 
ERROR 38 954.4 


























-------- --+------ ---+--- ------+------
20.0 22.0 24.0 
SOURCE DF SS MS F 
2.80 
P 
0.103 REEF/NON 1 0.2560 0.2560 
ERROR 38 3.4778 0.0915 










POOLED STDEV = 0.3025 





































-----+--- -- -- --+---- -----+----- ----+-






(---------*--------) (--------* --------) 
------- --+- --- --- --+---- -----+-- -----
0.030 0.040 0.050 
Bahamas 
ANAL YSIS OF VARIANCE ON C:N 
Reef vs Nearshore 
SOURCE DF SS 
REEF/NON 1 403.2 



















ANALYSIS OF VARIANCE ON C:P 
SOURCE DF SS MS 
REEF/NON 1 4920340 4920340 
ERROR 37 20854826 563644 










POOLED STDEV = 750.8 




ANALYSIS OF VARIANCE ON N:P 
SOURCE DF S S MS 
REEF/NON 1 20434 20434 
ERROR 37 40272 1088 
























--- -+-------- -+---------+------- --+--
(-------*--------) 
. (--------*--------) 
----+-- ----- --+--- ------+---- -----+--





---- --+------ ---+---------+------ ---+ 
(-----*-----) 
(-----*-----) 
-- ----+-- --- --- -+- ----- ---+-- --- ----+ 
50 75 100 125 
ANALYSIS OF VARIANCE ON %C 
SOURCE DF SS 
REEF/NS 3 25.1 
ERROR 44 1008.7 
WTAL 47 1033.8 
LEVEL 
Florida Key (R) 








POOLED STDEV = 4.788 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.0105 
























18.0 21.0 24.0 
Intervals for (cCllumn level mean) - (row level mean) 
1 2 3 
2 -9.824 
8.274 
3 -8.720 -7.945 
5.299 6.074 
4 -7.252 -6.477 -2.578 
6.768 7.543 5.515 
97 
ANALYSIS OF VARIANCE ON %N 
SOURCE DF SS MS 
REEF/NS 3 0.3531 0.1177 
ERROR 44 3.8876 0.0884 
WTAL 47 4.2408 
LEVEL N 
Florida Keys CR) 4 
Florida Keys CNS) 4 
Bahamas CR) 20 
Bahamas CNS) 20 
POOLED STDEV = 0.2972 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.0105 






Intervals for Ccolumn level mean) - Crow level mean) 
1 2 3 
2 -0.7818 
0.3418 












0.75 1.00 1.25 1.50 
4 -0.6182 -0.3982 -0.4112 
0.2522 0.4722 0.0912 
9 8 
ANALYSIS OF VARIANCE ON %P 
SOURCE DF SS MS 
REEF/NS 3 0.002483 0.000828 
ERROR 43 0.015953 0.000371 
WTAL 46 0.018437 
LEVEL N 
Florida Keys (R) 4 
Florida Keys (NS) 4 
Bahamas (R) 20 
Bahamas (NS) 19 






Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.0106 
Critical value = 3.78 
Intervals for (column level mean) - (row level mean) 
I 2 3 
2 ·0.02845 
0.04435 











---- ---+------ ---+------- --+-- ----- --
0.015 0.030 0.045 
4 -0.02685 -0.03480 -0.00302 
0.02979 0.02184 0.02997 
99 
ANAL YSIS OF VARIANCE ON C:N 
SOURCE DF SS MS 
REEF/NS 3 449.5 149.8 
ERROR 44 2998.5 68.1 
WTAL 47 3448.0 
LEVEL 
Florida Keys (R) 














Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.0105 






Intervals for (column level mean) - (row level mean) 
1 2 3 
2 -11.85 
19.35 











---- --+-------- -+--- --- ---+-- -------+ 
18.0 24.0 30.0 36.0 
4 -8.69 -12.44 -0.63 
15.49 11.74 13.33 
100 
ANALYSIS OF VARIANCE ON C:P 
SOURCE DF SS MS 
REEF/NS 3 5794017 1931339 
ERROR 43 22974236 534285 
roTAL 46 28768252 
LEVEL 
Florida Keys (R) 








POOLED STDEV = 730.9 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.0106 











Intervals for (column level mean) - (row level mean) 
1 2 3 
2 -1787 
976 
3 -640 -235 
1500 1906 
4 -1356 -950 -1337 










--+---- -----+---- -----+- -- ------+-- --
1200 1800 2400 3000 
ANALYSIS OF VARIANCE ON N:P 
SOURCE DF SS MS F 
7.61 
p 
0.000 REEF/NS 3 23582 7861 
ERROR 43 44416 1033 
IDTAL 46 67997 
LEVEL N 
Florida Keys (R) 4 
Florida Keys (NS) 4 
Bahamas (R) 20 
Bahamas (RS) 19 






Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.0106 






----- -- --+---- --- --+------- --+-- -- ---
60 90 120 
Intervals for (column level mean) - (row level mean) 
1 2 3 
2 -91.7 
29.7 
3 -26.7 4.3 
67.5 98.5 
4 -72.7 -41.7 -73.3 
2l.9 52.9 - 18.3 
10 2 
ANALYSIS OF VARIANCE ON APA 
SOURCE DF SS MS 
REEF/NS 3 4047 1349 
ERROR 44 10337 235 
WTAL 47 14385 
LEVEL N 
Florida Keys (R) 4 
Florida Keys (NS) 4 
Bahamas (R) 20 
Bahamas (NS) 20 
POOLED STDEV = 15.33 
Tukey's pairwise comparisons 
Family error rate = 0.0500 
Individual error rate = 0.0105 











Intervals for (column level mean) - (row level mean) 
1 2 3 
2 -41.46 
16.48 
3 -10.2 1 2.28 
34.67 47.16 
4 -27.86 -15.37 -30.60 










15 30 45 60 

















































































INDIVIDUAL 95 PCT CI' S FOR MEAN 
















o 10 20 30 
104 
ANALYSIS OF VARIANCE ON TP 
SOURCE DF SS 
Sites 13 0.80779 
ERROR 51 0.35659 
TOTAL 64 1.16438 
LEVEL N MEAN 
1 10 0.10900 
2 10 0.17700 
3 10 0.16800 
4 10 0.43500 
5 3 0.12000 
6 2 0.13500 
7 3 0.22667 
8 3 0.21333 
9 2 0.12500 
10 2 0.17000 
11 2 0.21000 
12 4 0.36000 
13 2 0.13500 
14 2 0.31000 
























INDIVIDUAL 95 PCT CI'S FOR MEAN 

















0.15 0.30 0.45 

















































































INDIVIDUAL 95 PCT CI'S FOR MEAN 

































































































INDIVIDUAL 95 PCT CI'S FOR MEAN 



































































































INDIVIDUAL 95 PCT CI' S FOR MEAN 

















24.0 30.0 36. 0 42.0 
108 
MTB > Oneway 'MY SAL' 'Sites' . 
ANALYSIS OF VARIANCE ON MY 
SOURCE DF SS 
Sites 13 239.9 
ERROR 51 620.6 








































































INDIVIDUAL 95 PCT CI'S FOR MEAN 

















24.0 30. 0 36.0 42.0 











LEVEL N MEAN 
1 20 0.516 
2 20 0.576 
3 11 0.984 
4 15 0.849 













INDIVIDUAL 95 PCT CI' S FOR MEAN 






0.00 0.50 1.00 1.50 




























0 . 000 
INDIVIDUAL 95 PCT CI'S FOR MEAN 







7.0 14. 0 21.0 28. 0 



































MTB > Oneway 'N:P Rati' 'Reef/NS ' . 
ANALYSIS OF VARIANCE ON N:P 
SOURCE DF SS 
Reef/NS 3 24500 
ERROR 61 111087 
































0 . 001 
INDIVIDUAL 95 PCT CI'S FOR MEAN 









0.160 0.240 0.320 
P 
0.007 
INDIVIDUAL 95 PCT CI ' S FOR MEAN 







30 60 90 120 
• 




































INDIVIDUAL 95 PCT CI' S FOR MEAN 







32. 0 34.0 36. 0 38 .0 
11 1 
MTB > Oneway 'Turb. ' ' Country' , 


























MTB > Oneway 'TN' 'Country' . 
ANALYSIS OF VARIANCE ON TN 
SOURCE DF SS 
Country 1 652.2 
ERROR 63 5454.1 
TOTAL 64 6106.2 
LEVEL N MEAN 
1 40 18.933 
2 25 12.422 







MTB > Oneway 'TP' 'Country' . 
ANALYSIS OF VARIANCE ON TP 
SOURCE DF SS 
Country 1 0.0017 
ERROR 63 l.1626 


















MTB > Oneway 'N:P Rati' 'Country' . 
ANALYSIS OF VARIANCE ON N:P 
SOURCE DF SS 
Country 1 15897 
ERROR 63 119690 



















MTB > Oneway 'MY SAL ' 'Country'. 
ANALYSIS OF VARIANCE ON MY SAL 





INDIVIDUAL 95 PCT CI'S FOR MEAN 
BASED ON POOLED STDEV 
------+---------+---------+---------+ (----------*----------) (-------------*-------------) 
------+---------+---------+---------+ 





INDIVIDUAL 95 PCT CI' S FOR MEAN 










INDIVIDUAL 95 PCT CI' S FOR MEAN 










INDIVIDUAL 95 PCT CI'S FOR MEAN 




























INDIVIDUAL 95 PCT CI' S FOR MEAN 





33.6 34.8 36. 0 
113 
